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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

the, @ﬂﬁl\ﬁ@f’#ﬁwmm@%éﬁ PSR ous LIQU
throughout the catalyst. Relevant prior art may be found in U.S. Class

208, subclasses 58, 59, 6 EHASEAYBROPRDRHERIBHa relevant art may

be found in U.S. Class 137, subclasses 171, 202, and 392, as well as

other classes and 10 subclasses. BACKGROUND OF THE INVENTION
IRELR GIIUENEARIS directed to a continuous liquid phase

hydroproige ssiagtidt 96a6s, ta RRAGLLS AparRiacess eenisdlwysterosfor a

wherein the need to circulate hydrogen ga through the catalyst is .
R e e e e A R
aiadliengitr tebmdrsate diiouihe hydsmoehohaisolytnt otadiisie Melswatiohior art may
the hydro S ilify s hi latiye:to il r ‘
D S LR gl A i
hydeoeefnetdiiz BibrClesnidfopreteseind fualidrensehideasiyaik st alin glasses and
hg@ga;ég@gﬂhing, hydrorefining and 20 hydrocracking, a catalyst is used for
reacting hydrogen with a petroleum fraction, distillates, resids, or other
chemicals, for the purpose of saturating or removing sulfur, nitrogen,

oxgercretalsonptiTecoNtapNTants, or for molecular weight reduction
(cracking). Catalysts hayin ecial surface properties, are required in__ .
order to%)ﬁ)?ﬁ Hél%eé%‘é’ﬁgéﬁgéﬁ%i@ §§ ?gc%lr%p islﬁu@éa){éaggir processing
reactiess)paatin sohpentsnairind sysroce seagit ibonosssaryadaaghseen gas
hydro frQ apor._phase intg the ligui It Wk .
b S ting e
Thisitegsmeodhibistibt by enadintbouseensg el voorves gTdHyerbgerbipishe
a@%ﬁb alkinosenaicatalystibed hbeoikandithe gen-fiow thessahrbcted to
e, be

and the hydrogen is apsorbed intq a thin, film of oil that is

diEHIER ek e MHNECEOmRTA AR SR BV ISR HETH M f hydrogen required

can be |ageatpette:5000/86ERHhi et ligiidirtatn soRginsSdrhingryidngefining and
and can operate at severe conditions, fram.a few hundre i to as _much ..
R T AT SRR S OO UL R Aot Glrtaes,
insedidd) e o&mu:kﬁte’tsic_:liﬁ%pfﬂr {oeqomtxskind emmmm sulfirenitrogen, oxygen,
(eMaSIA (el {Re. Al AR HaPRRIRER 0 Ui PRI A8 R eUEysis having

however, once the o L o
special surface properties are required in order to provide the necessary activity to

accomplish the desired reaction(s}.

In conventional hydroprocessing it is necessary to transfer hydrogen from a vapor
phase info 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 into a thin film of oil that is distributed over the catalyst.
Because the amount of hydrogen required can be large, 1000 to 5000 SCE/bbl of Hquid, the
reactors are very large and can operate at severe conditions, from a few bundred pst to as
much as 5000 psi, and temperatures from around 400°F-S00°F,

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

temperature of the oil and hydrogen feed in the reactor can be controlled; however, once the
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feed is inside the reactor, there no adjustments to the system that can

raise or lower the temperature of the oil/hydrogen 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 meth%céﬁof cool%H%] a ar[leactggri%wcr the
dpsinedheaarias RTEHLISHRERPIE K WRTSESRHSNing the -

tempemiwetththilieactgeisifterea Aiffichlidaelditheoratortiomarsystemust be

controlling the pressure of.the hydroprocessing ' ier

R DR i Syoian e MO T AR P (28 Bl ol

Systepemaltabe rpwssifii theoughtaoiveThinmphiodef eonling ficaigpis expensive
areal. g%gt&dlghcgﬁg%gie pressure of the 10 system if the pressure

becomes too low. Apressure control system cannot be used fo @?ntri({)l the
pressurdVBRECeTIHRG BiolFBREESFR PR TSR WR AT ?n@%éc gk m

SESiReRRRARaRUENCErRRilinsBa g BEass RS Mdidiatesing thsentire much

system, not_on individual.reactors. One of the biggest pr lglem ith
dQ om%g%lﬁﬁrc% 131/1‘3 o%ﬁ\{ebsafﬁtcm, release

hSRT RS Ke SLRSTTE CORAR)SVEERIA G CERIY TOBRE "WHE hydrocar
mateattenloagn meatesi hikipressuee tixameme ttowere ahbtaincraasothe Pressure of the
hysdiedch RYBlaRle s SRR T NE HAlGEY CHIRRIS dRdNGRRInbNaLA control
forme COKe, & carbonaceous residue. Cracking can take place on the
sthtquessirten caiallstivdanirmyassioarReactornRETHY Hntig dnetivafereys Ayasequence

| C%@'@ﬁg&\m&@ naksysiervipmpiReessingis shovtinivi@aRakeis.
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Number 4,698,147, issued to McConaghy, Jr. on October 6, 1987, which
Cisclosedne S IOHERE STORRREE 30 A PHREBE BURIGHE Coling occur
%&M@%ﬁﬁﬁ@ﬁ&;ﬁﬁ rﬁ&?j@@m&l?f%%ﬁmaiteshmwddﬁmf

with a donor diluent to s t ydr or the cracking.pro . Afte
et A et R e
dibastnhreehtreskhentCriliien ésréieniated He parfiat hitho gualtbeediog to coke

returned to the.input f \ﬁ/ég{ﬁt@g &king step. Note that McConaghy '147
su%%%ﬁ%lﬁlﬁfﬁ%aggggéﬁe chemlaca nature of the donor 25 diluent durin

the procéssonyevinmateyersader tTecRRaferhAvEdadas '%W&SR{W@?%@%?J‘*%

the MEGONREEYachd IR BE RSOl B)i10d DY HRRGS SRS B WO R EREMENCE
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due to coil coking, and .increased light gas productiQ ichsetsan. ... .

e OO BN 2 G S MR rERBFgh 147 i
pragassuliSw Ratenibhuniiared:85 fubply, tirshipddgel( dhraiet abckimdpgosts. After the
15, 1989, discloses a 30 METHOD, FOR HYDROCRACKI \
e SR S
to diiaplyid heptryatnogisry mm&mmgm@mmmnm@em%ﬁm@b@e cracking
LB ASH0RSR b BRARG" SupBlkEReRVKiiacion ol danar seiNeah e conor

hy o il fim

gén gas, and catalyst w it the formation of coke on the catalyst,
andiiteatabiing the process in order to release the hydrogen necessary for cracking. Alsc, the

MeConaghy ‘147 process is mited 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.

U.S. Patent Number 4,857,168, issued to Kubo et al. on August 15, 1989, discloses a
METHOD FOR HYDROCRACKING HEAVY FRACTION CIL. Kubo ‘168 usesboth 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 catatyst will limit the formation of coke on the catalyst, and the coke
formation may be substantially or completely eliminated. Kubo ‘168 requires a cracking

2



10

20

30

formation may be substantially or completely eliminated. Kubo "168
requires a cracking 2 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 .
AIRODE ST RIS A TR P RESSRE SO RO ﬁﬁ%&%ﬁ? 168 also
CmHQHmmm&wﬁdﬂﬁ@e conwidiatisn By ﬂ?ﬁwwmmacﬁen pIOCESS.

R R M R e o
IDESEALER @WE@MM%@%M g pressure
ey (ﬁ%ggeng%ﬁ]&??{ i dvlenng bl eaion RliR A oo

ere ormlng Process I1Is v d through its own vent
véﬁﬁ@omﬂc@ ZPtevicR G 1A e ST IERRRASE i 1) CRELIGSEY,

g Py MRERAGHRE @QM%%@@%&&%@AM& that insures
ALK ATION PROCESS,; The temperature control ls guench sys rﬂ
-

tHRP R EAROR TR E VAP BNIRogER U R R T bebmmag

beiwe e sEaueRtiateasionanaRhinugir@acten vEhevaleportion of vapor

phase |I§L§( fﬁ? %mg%n lis. adg,cllstteg to g/gontr%zl thetgn{ggépghowcpg
n ucti

methyla INg age LY provide femperature r

vawﬂam@mw@ﬁema@m@m@mmm The
H‘hﬁ%ﬁ% e i YN NN REGREJGNEEWILD:; %%é%gtzag@ guench medium

invention, a process has been’developed wherein'the to circulate

hyeRbig ARG ACR BERHeTh SoBRPAR/ FREIRR ARRRSID PHREFOR CEBATDRBREPR YT vapor

mping andigniashinoibesrdivaensaddhgibiaRedrast Ftﬂ@ﬁzeﬂlyiamw agent
presence, of a solvent or diluent in which the h ﬁdr%%tﬁ n solubility is h|g

refRPEA AP R G e PP TS PP SRR mamdg %ﬁ*fiwe

hysleogeiming iz&alution. 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 hydroprocessmg reactlons is available in solution. The

YHYEhogely S FCANVIRRTHENed to a reactor, such as a plug

flow or (i, Al PARKSFLML SALAS! WHEIR AR, banENAIREERherei i

react. No additional hydrogen is renglred therefore, the hydrogen
reBRRARBFHIEta VYR ERA RS HECR kB aH BB ARISAB e Thétgpegmplished by

aveided: a‘n'weﬁ@sﬁm@ﬁz@ﬁgﬁdg@mm@ a@a@taéaz@atam Bplaeastddbrt 2 solvent or

BT S R RO by e FBARI R R PRy & consta

ViruaHyire knviraden eat sy thatakérigydrederce tighdletiok. hydrocarbon
productloﬁl E% Caal:[]d@n%lémttho% éﬂ%ﬁ{ﬁcﬁ%‘;ﬁ%s well as the reactor conditions can be set so

that ali of the hydrogen required in the hydroprocessing reactions is available in solution.

The oil/diluent/bydrogen solution can then be fed to & reactor, such as a plug flow or tubular
reactor, packed with catalyst where the oil and hydrogenreact. No additional hydrogen is
required, therefore, the hydrogen recirculation is avoided and the trickie bed operation of the
reactor is avoidéd. Therefore, the large trickle bed reaciors can be replaced by much smaller
reactors (see FIGS. 1,2 and 3). The continuous liquid phase reactors provide more control
over the reactor temperature, virtually eliminate catalyst coking, reduce light end
hydrocarbon production and can make the system safer,

The present invention is also directed to hydrocracking, hydroisomerization,

hydrodemetalization, and the like. As described above, hydrogen gas is mixed and/or flashed
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The present invention is also directed to hydrocracking,
hydroisomerization, hydrodemetalization, and the like. As described
above, hydrogen gas is mixed and/or flashed 3 together with the
feedstock and a diluent, such as recycled hydrocracked product,
isomerized product, or rec demetaled prod 0 as
i @ﬁ&#%&ﬂ% H@fﬁ%ﬁﬁ?ﬁ%@é&%@%ﬁﬂﬁ&%ﬁ%@ isomerized
Apstetpte ﬁb}etﬁﬁdlnetﬂmﬁnﬁmveatw foigidee pydndgtanrodcatimmprod éen the
con:ﬁlnuous 5 1i UId fp{) roprocessing system, process, method,

andsor apBara us. ?&nof"ﬁey ject of the present invention is the provision

of an 'WlmmtﬂémemmmenszOHsen@meed continuous
aﬂﬂﬁr B%E@Q@ AGE5Rc AN BRI RIGELPEHRGRIRSENt

|nvent|on |st E ovision of a control method for a reactor in a continuous

liquid phastenristretisamPEydrrtisroedie PrRToR Wraafparared. 10

W@Mﬁg}&@%ﬁf&@@%@ \@M@ﬂﬁdﬁ@mmwam@ﬁaémmm process.

apparatus for control ng a continuous. liquid phase roc
system POCELIFHR g%?ﬁﬁ%ls&% Ig‘fmu I Etllglsthﬁ;%?ﬁ%’t‘ %% %ﬁi S

ITgeNbon sctiaeirpias ﬁm@ﬁ@qh@@ebmﬁg@mmm&o&mimw@s
Contlnu%ﬂ%% %I’er 0 JeC 1%%%%1%% Ssy‘g[ eé?‘b@zé?% éfsaé%g}ggc ap}:%ratus for

apparatus resent invention Is the provision o

pressoligng eregotitmets digutd mmmmgﬁ@mew;mﬁwd and/or
cgﬂ;ggb{gys liquid phase hydroprocessing system, process, method or

apparatus. Another object of the present invention is the provision of an
improvetPe8iE RhisEEo DB HBIREPBHALE ORI Fio BESdrRy Sy UMD ipr sentrol
methed BPsiesannaabeamiese Rolhe fituichyaryfdov SO theef§arteess, method or
from either the top of the reactor or the bottom of the reactor. Another
o8& %5t the present invention is the provision of an improved continuous

liquid phﬁmﬂaydbﬁnta@ehsmmsmmmm prcanila'mi <ﬁraq1tmsap@a@am method

wher, mthed nothes te ma

st
R R BRI R TR E AT LS sy,
invesatsnoistied pmpmrﬂﬁuéf reducing light end hydrocarbons in a
continuoys, iaigh RRAS S HHORIAGRRSINGL Y e P ON NGO N EL EXER59AR8 Rtmous

a_constant rate directly | from the top of the reactor. 4 BRIEF

DEastcroiT oo RS RN SCRIEBRECY, RO/ CorRiRiatE phseeindhe liquid
flows ¢liRaranoaherdieas! FdralRatBE op of the reactor or the bottom of the reactor.

Another object of the present invention is the provision of av improved continuous

liquid phase hydroprocessing system, process, method, and/or apparatus wherein the design

of the system may feature a single reactor, multiple reactors, and/or multiple bed reactors.
Another obiect of the present invention is the provision of reducing light end

hydrocarbons in a coniinuous liquid phase hydroprocessing system by venting excess gas at a

constant rate directly from the top of the reactor.
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FIGURE 2 is a schematic process flow diagram of a resid hydrotreater;
FIGURE 3 is a schematic process flow diagram of a hydroprocessing
system; 5 FIGURE 4 is a schematic process flow diagram of a multistage
reactor system; FIGURE 5 is a schematic process flow diagram of a 1200
BPSDh droprocessi LRl FIGURE. 6 's a schematic of a down flow
------- RESERI e He-Slant it in the reactor is controlled by
the leVBtGﬂmmqmdcﬁBﬂmaqnﬁwss ﬂ%lﬂgﬁﬁ Ffis dissehermaticata
down TiRacioL systemahere Lhe uailbyoh 04 ikJn fheergior

control e pressure o gases in the reactor; FIGURE 8 is a

schemé“ﬂam:a i fichematic wpesestnvidirsrahel a@aﬁmvmmma SYsieRL
reactordg-gapialied Mé&@d@ﬁ%&%&%&%%@ £0RCiNa i ldRE Qrdtem;

schematic of an up flow reactor system where the quan&%é)f Il%L%?tln 15 |
the rea%%%éﬁ%ﬁ@%fw%érs?a%%ﬂ?&’ daregesed oprocessing

Iﬁ@yRE 10 is a schematic of a down flow two reactor system where the _
quantit in th reactor.is contrplled. by the level of th UId

the rea "% e@%"%%&r% ﬁ?‘g HERR oW woq%eac o?hSyst of liquid
\Mlﬂeferﬂaetquamuxmﬁecﬂl@ylﬂamm oéamquimthomtby the pressure of

. gasgﬁ_} ﬁ %%tc%dm%g Ll!lenl]ﬁo ?e&cc E&%%@Pe%’e H‘Eﬂpof liquid

reactor system where the uantlty of liquid in the reactor is controlled by
tirethenskebtiechgndied hyeth@awr:pé@ﬂ&aa@ 18 BsEsIatic of an up

flow twerrgagiany SiemaMhere a8 sy askt:ahdiayidin ierearignistty of liquid in
controlled by the pressure of the %ases in the reactor; FIGURE 14 is a

skisarsstoe Brandslis s ineisyr sefadrddste fme TR0 catalyst 25 beds

where tkrﬁmmgtm pEdierndin @Eaﬂaamuﬁesantr@mnwm@ tevehafttheof liquid in
|§?&d in the react r FIGURE 15 is %(1: ematic %‘ a down flow single
RS A eﬂ/\%’ etgfygfmﬁ? A VREPES R S SRty of liquid in the

reactor HGUR{EI{ed bwﬂwm%wéownﬁe@aweswtmgm@mtw&l@@me quantity of
FIRIEG 4 Inaqemalnal apo loy Hadlaepcioreysiemoniin two

caftalys Theds where the quantity of liquid in the'reactor is controlled by

the leveFBFIREIIdurriprhraitaeterdsim Mqrﬁagtaf%ﬁémﬂ%r%%ﬂﬂw of
flaw,sing'e.d eacter Systamnvih fwe salaivet bads (udere thaauatity of

liquid in the reactor is controlled by thegressure of the gases in th%1
FIGURE 12 is a schematic of an up flow two reactor systemn where the quantity of

lignid in the reactor is controlled 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
Hiquid in the reactor is controlled by the pressure of the gases in the reactor;

FIGURE 14 iz 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 liquid in the
reactor;

FIGURE 15 is a schematic of 2 down flow single reactor system with two catalyst
beds where the quantity of liquid in the reactor is controlied 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 liguid in the reactor is controlied by the ievel of the liguid in the

reactor;
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reactor; FIGURE 18 is a schematic of a single bed, down flow reactor with
a liquid level 5 controller for use in a continuous liquid phase
hydroprocessing process; and FIGURE 19 is a schematic of a multi-bed,
up flow reactor with two pressure controllers for use in a continuous liquid
phase sing process. DETAILED DESCRIPTION_ 10 \We hav.
develogg a %céss% si/%ﬁ%rr%gt ?a%ral%éI RTar AR e (e o\r{yﬁ%\c/’gma%g beds
sdpacdte yarayed hhasatirowgtichs catalyBedde ineipmssureTithisgases in the
qgé:c%@plished by mixing and/or flashing the hydrogen and the oil to be
treated in the presence of a solvent or diluent having a relatively high
solubil B3y d fog archerestie AS tavin gkl doamilon rsarier S5 haliqu level
RERARP 47 IHsalWiRtRGRIRIMIIRER MUANELA t%fofééﬁaagdinto the

0

oil/diluent 15 solution so that the maximum capacity e oil/diluent

solution Tor-RydrodeA e P! ARAHEGSH PSR SEXoEREYRTessure
Sl s thewst/dilu emttBakitidiyitdmains e vapatinghasasd he type
and amount of diluent added, as well as the reactor conditions, can be set
so that all of the hydrogen required in the hydroprocessing reaction is
NETIBHDIBHBIORITIER0 oil/diluent/hydrogen solution can then be fed

10 2 plug:Jou,Jbbaker PURLeaslot:RACKesk b Calal Sl besE 4B Plare o

and hydrogen react. No additional hydrogen is required, therefore, o
HPRPSHE A YEEIREN RSR T QiEb s siatythis ehiaiRalsed Gpi st rRkehed by mixing
readiar issanoidech(RRednliad thb A1apBciebisnEeiiEr4asae: bIKIS1Res or diluent

reactors can be replaced by much smaller or simpler reactors (see FIG,
TR S OB O ETIRG  EHEER o L ST ST Y fmsply o that

hijd logeagredydlesaiotnprébassd Srgdrogtads Bevalieeial Hfde ydnbgeti/diluent

'Sl fontseaction may be avalabls s solton ahead e,y s uigioen
reactor, there 1S no need 1o circulate nydrogen gas within the‘reactor an

ndydieezkion tiesscyidle eomprionddrlcttitinatlGhtefm e soyctenvonprdbs sepor

be use of, for example plug flow or tubular reactors, greatly reduces

the capital cost of 30 the hydrotreating process. The reactors in the

present THeERIRAEYOBE: ShéFEsTRaRIgR Fr 7 HifAERsFdoonditions, can be set so
g NNOHRIe e SRacHitAUGRSHERirestaf it sty ¢l \eriatsPecitution. The

COMNTBAHER Ay PR CEL IR B e &R B RO Oy PP Peed

Ewieh mttigstcaberevthe ! mudltipleopacters. aiéo retjiired) Her6geastorgiotd, therefore,

gﬁﬁ@%%%&ﬂ%ﬁﬂ%ﬂ ARARIPHRGHE CoPMeNA 18RS Y B PEGBURS M ded (see

FIGS. 1, 2 and 3). Hence, the large trickle bed reactors can be replaced by much smaller or
simpler reactors {see FIG, 18).

In addition to using much smaller or simpler reactors, the use of a hydrogen recycle
compressor is avoided, Because all of the hydrogen required for the reaction may be
availabie in solution ahead of the reactor, there is no nesed 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 nmumber to
accommodate the specifications required of the product, given a specific feed. To achieve the
desired product specifications from a particularly contaminated feed may necessitate the

addition of an additional reactor. Even in the case where multiple reactors are required, the



10

15

20

23

30

size and more simple design still results in a reduction of capital cost

when compared to conventional systems. In addition to utilizing multiple
reactors, it is also possible to house multiple catalyst beds within a single
reactor housing. The creation of multiple-bed reactors 5 (see FIG. 19)

further Iowers capital cost by utilizing a single reactor ves 0

RS DO RE X T 5008 TLay ORI T SRR gt el
Wxﬂbﬁsﬁﬁiﬂe&lﬁﬁmﬂlfﬁmﬁ@mﬁmﬁiﬁyﬁﬁ d:apmdr@ﬂfﬂhmmpared to
accomplish he pro C'fko"%}] °a' ftr%ﬁé SRR S?Hlﬁi%ié‘ﬁ?house
p?ace in Hydsr%processmg are h|g |c and a$ aresult, a great
duediipk leetatyist hedreritn wmgémgmwwe n’i&@rmx@@pﬂmw@répd reactors

FRmel ArRaRbaled R RoREe multipl
‘ree%gcr?c%;%uent g%g%e:zg%%ﬁwgﬁg??gkt of the reHarePgt%ﬂrsrng aem tple

dbrdscheds nEseealPt 2 mmmqw@%wyaréggﬁnwmﬂ
raeRele SHRBM RSO &i&%ﬂéﬁ&é{@jﬂ d@ydﬁgmawm@ﬁmm goal.
hydro en on_the catalys d red ces em erature ris (%P %ﬁt’ﬁ . and as
reactor’ ﬁte"Fé%%fB?ﬁ% %r? é’ D[S Ropasisls ?’r‘ N gtRaiermic, an
fﬁesdmfee@m&m alflestus mm@hﬂﬁmaﬁmmﬁmaﬁﬂm reacior can be
(%ru%?gfb ecycle, In a dl%m beﬁ%ﬁs%qedrg%% §F,%%E'{'0§Q §can be recycled

mo ecule avecgf'rea y reactead, It also serves as an inert diluent.
Packpedse rﬁtorrstve”r’rh@nemr dein rTPReteDR IS NG tenf Siseded i diesh foed and

reaginthrepgh.the vse.oh aseminuavs-lsritNas eLeactls s oRPaRetk drogen

to'the conventional trickle bed reactors where onlé a thin film of liquid is

Bt b 5y endedeats KR o TmeT A RHts Jeroiek ShiRaGhs TRUitPpRREperaturs
r@ﬁ?&@ctﬁx&lﬁk@@:ﬁ%ﬁlﬂﬁ@%@f@dﬁ Eét;d&d@ %ﬁitﬁ%ﬁ}ﬁ@ﬁ%@@ﬁbﬁ&atbﬁ& necessary,
gases. The tert e heat capacity of a olecule, the great

BRI BIELITE Pl oA L8P RGeS I GBI AT pieloo thes
Lkmfemtwgz aamtaﬁ;nablmaea@e an deinge dtoeatitSaHié. p&cscmmmusmgmddcs further

ph
o%%%1r§ t%%{gn?cé%%ua o?&a %%r%%%g%\ﬁ%‘?ﬁg%mm ﬁéﬁ% ) oﬁ%%&%%&% reactor,

to equa mperature { roughout

caimoststliditd pvesd et dtisklesdrenstars e cotiadimEmQbEEH
being sUhermnale leducing @ fvpicak MU EOE AR G533 fduiC pRRR AR is that

difference between the reactor inlet and reactor outlet to approximately a

1Bquids, GraeRsEAbAA PSR SRahe R R SHIERAB S5 Te dUitiRyAlte the heat Capacity of &
tw&&w&r&ftﬁwsﬁ@m?mdﬁaﬁ@hm IRir abshremgaso et its surroundings

B o e B0 R SRR s e
Uam.gzsthém&tmmgmmmindmﬁmémmgqtoommgmdjemmymnm
errpagggs& bmu@g rgggﬁte%%@&%emmgm 9%@9&&%@%@8&

to avord coking w Ing reactions take place. This can lead t6

niwchnisagwchsiaztdifemsdspiumal toerihy g2 MATRt6RT {28 €03k C)

7temperature difference between the reactor inlet and reactor outlet to approximately 2 10°F
(5.5°C) temperature difference. In addition to reducing the temperature difference between

the reactor inlet and reactor ouslet temperatures, 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 there is always enough hydrogen availabie in solution to avoid coking when cracking.
reactions take place. This can lead to much longer catalyst life and reduced operating and

maintenance costs,
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Another problem found in hydroprocessing is the production of light end
hydrocarbon gases. These molecules, predominately methane, are an
undesirable product which, in great enough quantities, must be

recovered, at additional cost. These light ends increase in quantity as the
temperature of the reaction.goes up. The prob, fd’.iQHL Q%&ﬂ Brocarb
5 5 AR R TSy T T IR o To R oy cIBp, Ry Ly rocarbon

spuis, Hremsonleentothprodnmiaristy rocthene s s e eabiy apdig whicheln sreat
teppsratedar thereacierlesombaliiis: ocqurrensa; sarvantionake in

hydroprocessing systems employ the use of %lignch boxes which are

(SRS B GFBRRTRBTF A (RO TOFPIO R BRFRIP b RS PR 8 gl prbpyoduction is
Hydreamitictae veasiemiared ane the-tanp awmtlss lnsiget)ersaacire the

Not only is hyd ive 10 choice f ling th tor,. it :
R A e TR BCL e o R R e Amaaiet nd s i
aeotrotitg dowethiepdhptiopedessimpostinte wplredbrorsae ghech sexeeswhich are
aéia%éﬁ%%%%&%u%%é?e&%{f?%@ GO QoL Ihe COMl Gravs ey Ao the

reaction co e started, possibly creating an explosion. Using the )
pragtentqavdise Ghe femnpaRBIsPREES 58 TeariBkiRY { SYYEA Y FERGE &, SERERSIVE
%@ic%%@gﬁ@% 4 lQQ@a&d&Eﬁﬁ%M?@;@&%&é@ B UTHS ddai lif vick kiﬁl@f@h ch boxes
reactor working also ag.a heat sink to create a reactor environment that i

RO B o ISR BORHEFRRB TR L CHIATAAE g e, because
neeshioreatticaysh dgelssutemirtiodse etrcesthe. cApitdwastabtion could be
hydrogen required for the process and ingrea .
A B P cop s iy e s, SN R e

terekaiglis ety vwhired.thBsempettine wrursite fringniease e srgtinuous
thﬁﬁlé%ﬁa@@ﬁﬁﬁm ichoallons e syatel R1emainGleseVRIsehe imals close

By controlling the amount of recycle fluid and the temperature of the fresh
fée ésofhrEpibsSRIFE BRSNS FETHORRSH e B R H RRATRARS %ﬁéﬁ ogen
aps:RoRkYRE the:beshsipioiwitbaubihedesnd eghyel dgehaenals hakesreases the
A%%t%er i%sue that arises with the introduction of a continuous liquid phase

r rofs S8 & heed for a process for controlling the quantity of that

liquid. TWighithatetomdplishe dieyconénpintiquidybadirsectbre Gerarsinmepd to be able fo

Qg tﬂé‘%egﬁfé}%% be ﬁg&f&%%*?é’amﬁ‘% RiRg e niguehinen aliows the

reactor to a specified level (See FIGS. 6, 8, 10, 12, 14 and 16). In this

pROBEELto TRRaRE Sless se drniheelidEle sePRaHiRe IheArnenat R EfP R B and the

mysibamRaintainedsif e, lexglatihe diauisises learpigiuher @B oidaiah the

hydrogen in the mJ/dHu%kgi%{é) en mtl(ﬁure %)ngé%mto reactc rg/glll Sbe

intRS R e AP TIBRE R TR OEFHTTh ‘Eﬁgnd%%% 00 Tow, ‘

the am oﬂgﬁtﬁﬁhgﬂr@gmn ?ﬁmmmwogeﬁ axitune e ngridipitse Teactor is

reactor will be decreased to allo id. : t

e AL B P bl v o

corftrotied sy Riesinthintgiie’ pfdigsidiadiemeaginsean be controlled by maintaining the
liguid in the reactor to a specified level (Ses FIGS. 6, 8, 10, 12, 14 and 16). In this process,

there is a specified liquid level range within the reactor which must be maintained, If the

level of the liquid rises too high, the amount of hiydrogen in the oil/diluent/hydrogen mixture
soing into reactor will be increased to lower the Hquid level. If the level of the liquid drops
too icw, the amount of hydroger in the oiVdiluent/iydrogen mixture going into the reactor
will be decreased to allow more liquid to enter the reactor. In the second conirol process, the
guantity of liquid in the reactor can be controlied 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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inside the reactor (See FIGS. 7, 9, 11, 13, 15 and 17). The excess

hydrogen and light end 8 hydrocarbon gases inside the reactor are held to

a specified pressure. If the pressure of those gases becomes too great,

the amount of hydrogen in the oil/diluent/hydrogenmixture introduced into

the reactor will be decreased to achjeye optimal pressure. If ressure
SR St PO SRH PG P A BROR Y o, iR of o

vgdkbichinereased sl tubytikaprarisdinges)istérm ol heentbitiptezepactorss

oL minle fed eactors arewised, {he. quani oL IAMH IRdBE PRI Rcure

in the case o amrﬁ?ﬁpcie ed reactor, surrounding the catalyst beds, can

b&awritoled By theexor sivdregiivitiba o éiltber/ i piiatevell be increased.

CONARALS 05 BUALIRIE NRRAT MIRFSHIRIEARTAIS A 1688808 YadREBRES e used, the

portion of the reactor, or the two control methods may be combined, in
VARBHS S HBHERRS TR fRelS 4 &8y St BPIherp FeREAT FRAERHRSRS the
alsa giffesadram nopvenicaaiechacingyd niiakexcessipasmamphaiquid level

o‘fognérso SO yefyggr?]iﬁree§géiggt%?r}gono po%ﬁf:‘ﬁ%sbecasu%péj i) rog‘fg‘nc’gas‘3 %actor’ o
nibrstvbecoirul atetidtis oughttheombantb ol Fgasw et itove mettiditectyme system.

from COT#&?{L%t%ﬁ'&%@ﬁ%ﬁm@ﬁ%@ﬁ@ﬁ%@ﬁ%&%ﬂlﬁ 108 Blexcess gas can

used inefficiently. Because the present invention utilizes a 15 continuous
liGeiepee S8 veliciomithe 19etHe cEs SR Erl o By eFB SRR FBHER theases
L@%&@d Ty @mquml_ 5 ﬁgstﬁsg%aéig?%dﬁb@ﬁ@é@d{@g@@ﬁmexﬁeﬁﬁm through the
rogen and light e rocarbon gases. Venting excess gas direct]y
el TR R RO EoRY R HIE AT
tHerdioreneedddidothe sysiancfbcamijist Bitenshéingesseatenvatdetaifiecs 2
ven flow rate or th ition of. Q..0r raction o
B D mpuh the rnctr
drgrieTdiorsa breupy Ispero irsite figamatangraoesiemaraiagpriiadiigheras 10.
Ffﬁrﬁ&ﬂ%ﬁ)‘iﬁg&%.121éﬁﬁg@ﬁ@&@gﬁ%@&@%&%ﬂ%ﬂ%&@%ﬁ}@@@ﬁm

vente direcg%éliom the reactor. In coirslv? tional h%/nd{gtreatir;%?ltgev in
ec

- area 18. The fresh feed stock 12 is pumped by feed charge pump 14 to
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COMREIRIRIGHT BNy TREFEERIFSLU RE AR ISINEN BB dMithafter changes
hyelr agas thiaren? ghibetreatedife addhtodtipibgahifeadmbhdtmre?eX hydropen
Mg%r%zg i% then separated in separator 22 to form first separator waste
gases ] ng%'eparated mixture 30. Separated mixture 30 is combined

with cat&list Biwseacionsditefores Ber @ arixt dre b ohbyeapratr generally

m@é@%ﬁ'& 1% SRR ANG Producklows.reeys! 306h CARIAYAGY 14 1o

flow 50. Recycle flow is gumped b%/]rec cle pump 44 to become the

hyaFetiBsiey Fead c e WhiersisTeehiffe A riRRe Sy exhfeege PR 4 to
hydeaganidd oo ntinuinofiow Beiflaws inte separaitnd? Wit eyeeeAd 5 and

S%%%Egé%tat\évda ?eteed %gstg o?é reesh feed mixture 20, Mixturs 20 is then separated in separator
22 to form first separator waste gases 24 and separated mixture 30. Separated mixture 30 is
combined with catalyst 32 in reactor 34 to form reacted mixture 40. The reacted mixture 40
is split into two product flows, recycle flow 42 and continuing flow 50. Recycle flow is
pumped by recycle pump 44 fo 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

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



removed to create the reacted separated flow 60. Reacted separated flow

60 then flows into flasher 62 to form flasher waste gases 64 and reacted
separated flashed flow 70. The reacted 9 separated flashed flow 70 is

then pumped into stripped 72 where stripper waste gases 74 are

removed to form the output product 80. FIG. 2 shows a s%lematingrocggesss]4 are
A T 1 e BB VARG LB B BN R aral
190ofueshrieedetasipld Pristearshined with solvent 112 at 5 combination

area 114 to.form combined.solvent-feed charge ' inati

roa 1 AR A R T el Lo e iy
kigsingiesd. b9 Ehantnkyrdl b6 afieekbffesd gipektd O meoybiRsgarisoobgrTd g at
OIUIEaA S0y 9296850 'X@xﬂﬁiﬁ?e%dsméﬂt%é@%ﬁgégﬁﬂxﬁQE@&@@&ﬂﬁiﬂiﬁbn area

separator 132 to form first separator waste gases 134 and separate

i ReRq aembiapheakerniniiRil 01 O CORBRRRLIIAT YSIRHFR L ¢4 25 Bydrotreated
reastosdldddafayndRseaniad- b ua b0l K arenroed-soxturefdfGrikture 130 is

split into two_product flows, regycle flow. 152 and continuing flow,16Q.
TS o5 FARE g ST b T BB A separted
hyihatested Sem}aia’&wmnh MWMW@MMWM%MW afrito form
10 MEERASR 180 SN G danA0R lous Rseand SERARIONITE WORE flow
second Separator waste gases 164 are removed to create the reacted
stifarateeiiowing Gord46tcResEpaBesg Ao Prores jY & TIoHE R 1 54 to become

flasheialdzdrdomm lashan wasteaeaes ik andseastad-aeparaietydrogen 126.
flashed flow 180. The flasher waste gases 174 arﬁ(fkg oled br%/ﬁcon enser

176 to fERTIEBIEMOT LU LEE 1R SHIBRI S SR CEHE BT RS RS or waste
1387 hesrgactachseprraieg-fashediioweift i doddrs. iftesiripeahdal flow 170
where_stripper ,wast es 184 are removed to form 0]
15 G M UHBta L AR BroCA RO oy o A hied

hfidropEocESsifigshimitvpstraradty Idésigreneladiytrnfensre e RgoREekAvent 112
feegl S19ck 202 GamBinesbwith 2 dicsh dilenic204 at a first combination

area 206 to form first diluent-feed 208, First diluent-feed 208 is then .
combindaevierciS eersmeied flaehntierat SERSRA BRI ST & B2 BeTG Sipper

fogssesend diuentiaet2 ifiaacanduiiingrbadiefesd 214 is then pumped

by diluent-feed charge pump. 216 to t?’:d C mbinaéion area Zl%ess'mw it generall
20 Hydrogeﬂ%ﬁé"%%%ﬁ%?@#%?@ﬁs SMPTEsssr 2770 make guntg v

c@&wgﬁsséﬁph&ﬂrmgeﬁam The compressed hydrogen 224 flows to a

third corppinaan g1ep 238, SGERNLANEN FRadRkA AN COMBLeSsRination arcs

hydrogen are combined at third combination area 218 to form
hydotseiardi Ges diaeatfsd 908 2 Pty disg SRtRfBRR-coplEsd ikt arisoond
226 thenvilowsihsauebriestrosus benchanar R BarichasTstheSecond diluent-

mixture : o
25  feed 214 is then pumped by dilueni-feed charge pump 216 to third combination area 218.

un

Hydrogen 220 is input into hydrogen compressor 222 to malee compressed hydrogen
224. The compressed hydrogen 224 flows to 3 third combination area 218,
Second dilueni-feed 214 and compressed hydrogen 224 are combined at third
combination arez 218 to form hydrogen-dituent-feed mixture 226. The hydrogen-diluent-
30  feed mixture 226 then fiows through fesd-product exchanger 228 which warms the mixture
226, by use of the third separator exhaust 230, to form the first exchanger flow 232, First
exchanger flow 232 and first recycle flow 234 are combined at fourth combination area 236

to form first recycle feed 238.

1G
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226, by use of the third separator exhaust 230, to form the first exchanger

flow 232. First exchanger flow 232 and first recycle flow 234 are

combined at fourth combination area 236 to form first recycle feed 238.

10 The first recycle feed 23 8 then flows through first feed-product

exchanger 240 which warms the mixture 238, by yse, of tlée exchange .

ot recHR S HGo APRBrHB RGBSR SR AR vhich

242 esonskaxehanger flewiddd -aoekagaDRekt eayifler favhafdal ambanst 242, to

combiped at fifth combination area 248 to form se IeC, eség 0 220:R fiow
BSEESAY éeerdﬁfgl i%[thgeeﬁ%l%(%}({ﬁ]ﬁ 2 -rgg%cleé%xer%& t(();

fans feedmisioyd e fifiktore 254 Frowrda 248 tidomixegrerEsacienierive thto

reactor el SeRATRIOE 290 M GGYEIE BN BB LRAS SEERIEY o st

reactor inlet separator 256 to form reactor inlet separator waste gases 258

arvehirirembept fdd RepdureyobonirmE T Sab eI Sopi ST ALRL SgRaST 256
258 aresflased Qc Rthemise semavaddormthanse et systen 200t Dimletactor

separated mixture 260 is combined with catalyst 262, in reactor 264. 4
o SRR TG St BRI RAETE 2 HEn 2 e o s pepertr
Sepawaial-2 683 Redbied onduney 26 Gancedaiate dhinmssetofyeutet00.

separatpr, 268 10 for | IS SRR URL WASIRO0RES RAOANEOU RS
separat%&%nﬁ%ﬁae%é{%ﬁgga%?g? %)utrieﬁtﬁsgeparator W;%[e %ases 270 flow

fromrttemaeto Rl Beastpertors S0 bhera Bt ErIaT oY BPREAINGESS
removeet .o diomie PERSEREmataind @Gl biRl-p eparaiad a3 ieR fehctor ontiet

flows out of reactor outlet separator 268 and is split.into large recycle flow
2?@%&6’%@?@%@@%&%@8%@%’3’% étj’ %rg%aﬁﬁa"r‘éa%%@m waste

L asges rERyaleyipuAR 4 iepumpee: tuengb: (268 atel punips S8Gdesettomntdiss removed
split area 282. Large r%cgyécle flow 274 is split at combination area 282 into
fi@%@?&&ﬁ%‘?@f‘% 20 second recycle flow 246 which are used as
previouslytiés cassetd CoxtiraiTg Bovestpareasianpniieleepereioe 308 &af 4t spiit into
SF%'# QA ﬁ)%?esfﬁ%ﬂg\%?d' @69%?9&&&%&&% tg:become E\%@%ﬁt area 278.

ef u%nt 0 luent Tl

w 286. Heated efflL ow 286 flows into first rectifier 288 .
where it JeTSSIReRIAHASY rIctiRGTEeH RToREb T SPARRAITRY WotRPoBd split arca
Firghrechifierexhaiistw 90 anddiichy cetibarat2 fiow 202iserfatatetydlodlow 234 and
into second ef<c ang1 294 where t(lg.eir t%r\%%eg?t%gecgsigg ence is
reSEBH TFNE B KR %eW SHETBIRS firdt rattnier axnatst 290 into first
rectifier exsitangerbuichsusr242mikicts 10w drBrdaptiiprotdéd and flows mio
Xchiaggsl. 24045 pieviQusby despURAFSt, fg-product exchanger 240

ir

cools first rectifier exchanged exhaust 242 even further to form, .
Heated effiuent flow 286 flows into first rectifier 288 where it is split into first

rectifier exhaust 290 and first rectifier fiow 292. First rectifier exhaust 290 and first rectifier
flow 297 separately flow into second exchanger 294 where their temperature difference is

reduced,

The exchanger transforms first rectifier exhaust 290 into first rectifier exchanged
exhanst 242 which flows to first feed-product exchanger 240 as previousiy described. First
feed-product exchanger 240 cools first rectifier exchanged exhaust 242 even further to form
first double cooled exhaust 296. '

First double cooled exhaust 296 is then cooled by condenser 298 to become first
condensed exhaust 300. First condensed exhaust 300 then flows into reflux accumulator 302

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

11
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30 first double cooled exhaust 296. First double cooled exhaust 296 is

then cooled by condenser 298 to become first condensed exhaust 300.

First condensed exhaust 300 then flows into reflux accumulator 302

where it is split into exhaust 304 and first diluent 204. Exhaust 304 is
exhausted from the 11 sa/stem 200. First diluent 204 flows to first .
cOfviBm AN nEaIS A ibtsei b dlamie fivehcerebretionraisa I8 R SRl With the fresh

PR Qisly DS gyl ukRedgxebaager transforms first rectifier flow 292 into

first rectifier exchanged flow 306 which flows into third separator 308.

Third sé&ﬁ&%@gggﬁﬁffqﬁ?ﬁ %%[ﬁ%?‘%?g}%ﬁggg uil‘?%rvxsl%gﬁcégf o thit ged flow
sep@areiih donaliste2BBdsese0o A0%.cTliid ddfomid 8081l Sepaeatificr exchanged
exha 30 flows rey §¢{iResh oExchanger
Zggvé%sté)@?% %#&ggﬁ?&%ﬁ&@ﬁﬁ%ﬁﬂ%ﬁ gsci)olt-;‘d1 exhaust 312.
Second ol eepasatir esitaus 139 irve soraghFpEB Rde A EFYirtly detsie

thisrcondensed axiadsleaaaof birheandenses-exdiasst addicthemilaws12.
into reflux accumulator 318 10 where it |s%£ it into reflux j%%%gulator
ex

exhaustSSePRa SRl BT LA LSPER BRoRR % SRBASTIS o v
exbadsied fomdhe sy 2003 Serndidittené 240 flows itso sefonsbcunulator 318

combination area 212 to rejoin the syste i j
TR S N S YA 230 & BIEIR AL R
intoctiindatectifiens 338 ds cBRasetiat thndyitm 206. Fresmd sy 23pdlows to

then exits, thesyusiem. 299,10 rd8ib a6 U dephesesrssing:y Bhikdsegtifier

exhaust 324 flows into condenser 328 where it is cooled to become third

condensigaadiscifiessBior A0 RovBIR Seret RSB AoIS T dif SPut into third
copslenserBL8: itta fauthssenbfaionid2rifounthReparattieB aisphitsstiated: 200 for
condensed exhaust 330 ipto fourth separat aust.334 and secpnd s
I PR AP EVRG Bra T Idis O b e tis
2Q00Rad ﬁMﬁhﬂdlm@ﬁ&MWﬁ&ﬁe system 200 for use or further
process"iﬁﬁ&; 1GNNS B SCHEMANG IQCESH ARG B @&&%%gﬁam 332,

BPSD hydroprocessing unit generally designated by the numeral 400.
Friewrieenaninicad snBtHibhf cradeast KRR B g St thgepgsptor sxhaust 334 and

acgepirhle N paraeie kAP RXinAtRlY 20Rka0L2EG:atROsPSem 200.
(138kPa), and 1200 BBL/D, Ti eé%%l%%ggf ed stock.4Q1 is then combined

iSRRI 4 3 e Bl T
diluent-fead 408060 mnivinatstil penteis dibw @i dheivpuapeBRSD hydroprocessing
dlluergt-feecajnctagsr%% ﬁg&“b%é%%ﬁﬁigﬂgﬁoﬂfﬁ monitoring orifice 412 and first
valve 1410 Second combination area 416. ,

Fresh feed stock 401 is monitored at first monitoring point 402 for acceptable input
parameters of approximately 260°F (127°C), at 20 psi (138kPa}, and 1200 BBL/D. Tils fresh
feed stock 401 is then combined with a diluent 404 at first combination area 406 to form
combined diluent-feed 408. Combined dituent-feed 408 is then pumped by dilueni-feed

charge pump 410 throngh 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 kPa), and
40,000 SCE/HR (1133 m’/hr) into hydrogen compressor 422 to make compressed hydrogen
424. The hydrogen compressor 422 compresses the hydrogen 420 to 1500 psi (2896 kPa to
10,342 kPa). The compressed hydrogen 424 flows through second monitoring point 426
where it is monitored for acceptable input parameters. The compressed hydrogen 424 flows

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

12
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Hydrogen 420 is input at parameters of 100F (37.8C), 500 psi (3447 kPa),
and 30 40,000 SCF/HR (1133 m3/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 secr%%fi monitoring.point 426
e

where T8 FoRiiRias IBR S opEBTEABUT Ba onpd BiisHer aag controller

hysropen: 424:Hanestdhto tiald seienc mantlienFITt 428chndsadntie incoming

valve 430 to, secand comhination area,416.12 First mopitori ifice
R A AT tearas s s A ES ata
eonriecheglcoffeetl ) divatst v bl b atk 482 whietnesherbie HHeC 434 which

incaming,fousatcombingdditrptierdkal o sernnd cOmiNaanA e 416,
Efgyasl?n%leak%% secoﬁtgj) monito??%ggorifice 8, second valve 430, and F|C

Asprivncd Sineniderid RE Rod POMFRISAS VG RETIS 1SR EBTIT 4 8L e BPn
cmpressetRydroedidnirneant cambieationatend 1 GheGambiaearameters

T PTOR e TS (e B T e e 70 e & oot
neistiteiparminetess The mpjrogximibiey T60nEshit0i30 hrPHpuanthasys foed-

BBL/D which are monitor Qril ir -
AR PR Tocd T SO (or A RS 41, byt e of
etoetrastifind prorivgn 6ith todems kg Ao déht-fasdpipioduaerdppoger 444

theHse, ﬁﬂﬁﬁg‘ clifi gl_pg@@gg@@mtqgmm,exchanger flow 446. The
feed-pré?jjﬁct excharlfer 444 works at approximately 2.584, M TU/I%‘EQ

(756 KWIPeTHEnaRE A8 BPBHSTHGh TR PR AL ity D SR
Adotenaiheboinforepationeabou tiecpeiampeteksrofdbie exchanger flow

446. 15, The exchanger fl 46 then travels into the reactor pre<h I

250 whiH E LT O G R S A 0 T S s s capable
I\ BEAIt R ¢l BBakg flovchdats fHMBYEREMBR b0 645Y) Prakeigtty mehested fow
Agisnapligresal s E%M@&@Qﬁtﬁ%@%ﬁﬁﬁﬁ%ﬂﬁ@%&

458 flows throu(%: third valve 460 and is monitore pressure indicator

and coRtrelikes SR oM RECRER BRF SHE AT AHe Y BRI A i reF g g dicator and

ng?ﬁﬁlﬁww s@f@?&éﬁ%@‘!%ﬁ%ﬁ bEh el jamperelate PIdE aﬁm‘rs i%ﬂ;‘rnected to
controlier . Preneate ow IS CO N | ecycle 1iow
fdeiot St

At BRI A PR R A I TR AT SRS ow 468.
Preheatestitenyé|Bdvleit 466 shimenitdte tcayde femtidcranitatingrpuimtion area 466

BRSO e AR e Bk

infoorétesies pelat 2Esdprpigieard-Trnelrd st Hfcls epuritsr Ay Seprgecycle mixer

PARMSIEES: @&@%&«Qlé&ﬁ!&@?&%ﬁ -ﬁgéﬂ—ré’c§afl)§ﬁi§)sﬁmre 474 then flows into reactor inlet
separétor 476, The reactor inlet separator 476 has parameters of 607 LD. x 10°075/5 (1.52m
% 3.05mj).

Feed-recycle mixture 474 is separated in veactor 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,

Liquid indicator and controlier (LIC) 490 is connected to both fourth vaive 486 and

reactor inlet separator 476.

13
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Feed-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 30 which is connected

to FI 484. The reactor. inlet rator wa ases 478 then tr h
fourth Ve RES B e LG AHG pOTR S o e e e
genyise of movednfaciy §90°Frédont systditiqe: (ligdH? ki aloeh Ay monitored

cag%%ygo%@x@apo {ﬁt%anected to both fourth valve 486 and reactor inlet
separator HPfnfet separated mixture 480 flows out of the reactor inlet

separalolensparited purrAS b APPSR 01 (3 TP 5 foform
%L&Qeﬁ,té%d K_Eﬁhw%%gq@é@mm@b] 3@@ %@&Bi?if?réﬁwlm ' petﬂafgamnitoﬁng
separated mixture 480 is combjned with catalys in reactor o o
oS S AR BEP AR S R b P R TS R 222°O)
apd at30BH (FUBTIFiNGs pdiows Iftdaeptacessimeepantool; he reacted
mIXtureigog: 2 rar?&%%%%a?&é%&%@%% :ﬁﬂfé@s‘éggﬁéf g?g %J%Bﬂ)ré’a%tor outlet

. =80y <
it flows Tnto reactor outlet separator eacted mixture 506 is

Separstedvistrezsterid A ot Sapiat SeDRBIES TSR a cRePEOn BRtSE rRRrERtYT Waste
waste 9aseePAS-ARMk CLILRl SRR LB RIXBIE BARRARGIK GUghr PIC 518, The

separator waste 10 gases 514 flow from the reactor outlet separator 51{%20 and

tAPBRIghOMESh TR Sr PRI G2 B R RtS! RS CLRPA A Wt o™
08865:8 Fhthemi ave paskelavefthemonitosng patnb G20 Ao tHerprgknfiftysiem
valve 522. and are then flared or otherwise removed from the present

s§8fem 400. The reactor outlet separator 512 is connected to controller

LIC 524THaeasactotict SeperbirsEpdrammsdediasprraliveidis o6 Mhcmeaetor

10 3L %a%%ﬁ%d%me%'&ém#%wtg@ @16 flawsguhof

reactor outlet separator 512 and is split into both reC}/cIe flow 464 and ..
continuiRgtishaenaseptraisan bt Rows 6 PhirspERCaHEa PRI Sy ad 1s split o
fIQuad s PHRPAS e Ueh#aGHEIS RUNBRSGRR anthRasive fif: spiit area 528.

monitoring paint 532 to fourth monitoring orifice 534. Egurth. monitori .
orfice SR EoHE et P RRE S PSR BB Gl B L HIC B momioring

' FiGinSScan Rolsisinthiating 63RcoATtdr tRemrtcycisificng ¢6fdesiess eurpcted to FIC

20

30

T
preheated flow 452
adiaviveriyudivogstetnoeribestifathtclpimidbdrdossehenmsHErgbrk 538 and on
argamAs.aRd:flows theaugh wa¥etRombines with preheated flow 452 as previously
discussed.

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

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

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

552. Rectifier 552 is connected to LIC 554. Steam 556 flows into rectifier 552 through
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25 valve 540 which is controlled by LIC 524. Outlet separated mixture 526
then flows past thirteenth monitoring point 542 to effluent heater 544.
Outlet separated mixture 526 then travels into the effluent heater 544
which is capable of heating the outlet separated mixture 526 at 3.0
MMBTU/HR (879 kW) to create the heated effluent flow 546. The heated
effigRtindiaw a8 PosHifoe sy Glnay Saw A6PAIPRENT B FRSHESH Ao
oy PIC 558 1o Sty ol Tor the STlent babter 844 DIC B80S

y 0 supp uel for the effluent heater [
connec&ﬁ’qg%iﬁa‘fﬁ%ﬁz@ %l’rﬁ&? 757 e o ‘ﬁo%f%%%ﬁ and past
fl ifuscfito e dnitsteretbim ShioRecfientihta dD tectifiews3b@nBectfifiebo@rhead
is.connected.to ]l 1C 554 I | h .
e o e e RO & el e

rebitifiet 5520 RecthedgsediibenidiReRagifen ovarpagd cppdonssrS¢§ s prarameters

X 36 4emmBectifier didsentpp2 flows out of rectifier 552 past monitors for
TIC 564 and past fifteenth monitoring point 566. Rectifier diluent 562 tﬂen.
4 ectifier

flows thiGRGAPREE IR erh Bk SRS MR RSB B R RABI B
copienaeihtRiusepaflow KaidR:b#04y tiange rettfier (dilienk 362510, Rectifier

form_conden diyent 572, Rectifier. d condenser 568 h .
oA eI B &' (IR (1650 Ko oAty L e the
flomsdrmbod ditifmr ST intcatbresnintatoy: BTdn Rewstifi 67 Orcefia gtercou Akllaret dituent
Sidasspgrameters of 42" 1.D. x 10-0" S/S (1.07m x 3.05m). Rectifier 10

reflux accumulator 547 is monitored by LIC 592. Rectifier reflex

accumulEBR STEEBpHTS Ry sl ehtEd I deRts PRt ARTed S fubpRet monitor 578

drainstieasfAte@as stream 580, and diluent stream 590. Drain stream

576 flows out of rectifier reflux accumulator 574 and past monitor 578 out
ofthe oy CHETAED 16 16 Qe Bt TRl sefey St

acoumictatpp&nds Phshditintegn thinm didit oo g pointibed dtinchtistoaght 98. Pumped
pump 596 to foum . [ s : i i .
S B LTS U0 i

aregeetl. Diilvent 4Butiovedinaraaebidispre Ha buvish iR aRH02 and third
valys: 80 B6iibisl. Monitoringneint €4 Rillenk4 Qb ihen:floywsddren to first
third monitoring point 604 to first 20 combijnation area 40%\352ere it I di od
CORABHBIAT ekl FEBESIbRITHTS Y B i LK b Ry disoussed
diluent flReb6QiflewsiiseniEetiond fSpdit eceadalis pest tliagtee niheteenth monitoring
monioo ROIkegs, dioual e ENG 608 200 BIRLEEIEN 283sis comecod
EIBVENth valve 608 1 connecte
to TIC 564,
Rectified product 610 flows out of rectifier 552, past twenty-first monitoring point
612 and into exchanger 444 to form exchanged rectified product 614. Exchanged rectified
~ product 614 then flows past twenty-second monitoring point 613 and through preduct pump
£16. Bxchanged rectified product 614 flows from pump 616 through fifth monitoring orifice
618. Sixth monitoring orifice 618 is connecied to FI 620. Exchanged rectified product then
flows from sixth monitoring orifice 618 to twelfth valve 622, Twelfth valve 622 is connected
to LIC 554. Exchanged rectified product 614 then flows from twelfth valve 622 through
twenty-third monitoring point 624 and info product cooler 626 where it is cooled to form
final product 632. Product cooler 626 uses CWS/R 628, Product cooler has parameters of
0.640 MMBTU/HR (187.5 kW). Final product 632 flows out of cooler 626, past twenty-

fourth monitoring point 630 and out of the system 400.
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to TIC 564. Rectified prod'uct 610 flows out of rectifier 552, past

twenty-first monitoring point 25 612 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. Exchapged rectiéi]ed roduct 614 flows from.pump 61 tl%r ugh, fift

monitoky SREES B IPEIN FIGFR ARG SRR Fe R bt Y Aok h,

EEntaidydekicentificy pho duntethbioFlofesdrord ixtmbiosdtoiihdiiificenc/lg and first

RUGIRRA et DAL EP Gt IR 00K LG SR am 720, The
sch pro t ows from“twe

angeén%ectlfle uct 614 then r th valve 622 through
tormitipeifetdrivieBRg oMt STeEntH B SRGdTE bR G JE ATkres i g reacted to

cpaled-to-iana: Bnalpredkes®32ndred uei-eaalait? 846 SIGY\E/R828 form first

Product cooler has parameters of 0.640 MMBTU/FIR S5 kW). Final, :
OFSHEIESBE OV SULTET EOUHEr B8 H A% ‘gﬁ{ﬁg %&ﬁé%hﬁ(ﬁ%%%wﬁﬂg reactor
68rand aotvetihesisten400hds Higpd shawgacsHémuticapihce $§Homd H,0

diagram for a multistage [ ter generally designated by the
nﬁ%@%‘?‘%&? I—%(:a%1 ?@é%vrgg?rﬁd with hydrogen 712 and first recycle

stream Fatigiedetow 76 dHornewbintivsthredditepal bydin ety eloast segond recycle
"4t 400NRIN (eHNA0RR ARIEIR HRABAAS I SHRIBSL. The

reactor 724 where it is reacted to 5 form first reactor output flow 730, The .
7 wijere it is

firerTE R SR BR TR R AFEErd 18 AP TSR AR SR 3R o7 1
firshGaniiaingsepasiaedow Fdgw e a i3 2 st eahttacingoe et o+l 0UD is

740 flows into stripper 742 where stripper w ses /44 such 25,1125,
3931 100 AP Ao TNk SR 200 e 1y 750
is then E0ThisiRseiveitischeititiontar aydineg 8nv Seentisyeicon dreayticdasignated by the

stream.? o6 e 3L 2810098 camningd SIHRPEA-NAroSENsIBEXGIS o] of the liquid
sﬁgtgﬁa; .YI"T e ?%)er%bme}i9 stripped-hydrogen-recycle streamsﬁ%o flgws ?

iritoteererciab it fordrmack REIRWS IREIEFRYTaTR SELBRepE R orifice 804.
3%%?3:'&1%@%;&&1 ‘&2@“@@99'@ Qd"@@%@f?égd&ﬂg)ﬂ%e@m &m%alizx?%tﬁfgcyc}ed

fo form second recycle strea _an ct output - :
P R B o0 T SR St R R A P REE LG, Gombined
byedieict 2attiermddOtmmh e $1e theartitprobiopaidR thevugh ot isixer iniet 324
controlled by the level of the liquid.in_the.re - e
R M S AR i i

priffucTiesatdiscifity eson 838rificensobed iy thatwentbnaby F8Gy diegycied reacted

reﬁ%%tﬂ'é@%%ﬁ%@nf@@ﬁi eSS 2RI 28 L0 oL ENISys into Teactor
orifice 808. Combined recycled reacted (groduct and feed ??1%5?9 {t\{;dﬁﬂfgcnt rs

mbaSriudhFerriR st Rfixe bt BBATCih SraV RIS ERRHIE varogen
hygroaen:a8uehichgeie6s sogernirdithrangh sepopdsiveriniet

product/feed/nydrogen 822 reacts, hydrogen gas and light end hydrocarbon gases, 843, may
come out of solution and accumulate at the top of reactor 840, Gases 845 are removed from
reactor 840 throngh reactor orifice 847. The rate at which gases 845 are removed from
reactor 84Q through orifice 847 is controlied by vent valve 870,

The level of the liquid recycled reacted product/feed/bydrogen 822 is monitored at
level controller 850 which is above catalyst bed 860, If the level of liguid recycled reacted
product/feed/hydrogen 822 rises above the desired liquid level, level controller 850 will
signal to hydrogen vaive 830 to increase the amount of hydrogen to mixer 820. If the levei of
liquid recycled reacted product/feed/hydrogen 822 drops below the desired liquid level, level
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. 828, The quantity of hydrogen 832 is controlled by hydrogen valve 830.

Recycled reacted product/fed/hydrogen 822 exits mixer 820 through

- mixer outlet 826 and flows into reactor 840 through reactor inlet 842.

Inside reactor 840, recycled reacted product/feed/hydrogen 822 flows

g@rzp & %@@ ﬁggﬁ@% il ERACHS) A dasyslethteaniest 8Phydrogen into

822 reacts, hydrogen gas and light end
Ryar8akbon gases, 845, may come out of solution and accumulate at the

top of reacior 8484 Gasen8Muate senQvatireatiseacier 840 Rearehliquid 846

reactor orifice 847, The rate at whic ses_845 are removed from
AOREIRIB AEF ARFOTRAH %ﬁ%i%%oéﬁff?g&gﬂ%@aﬁ%ﬁ%:?’%ﬁ%t S RLER fows.
ehHeckicichreoyaleshreddtbcerito deetifbaditweedgoriBaisifibmitdredas, and

30| troller 850, which | ce 046,
o

desivelddivaitsfaviivet 2 cmponaddbruen rarypa a0 Gefoiranspg iyith fresh

1R IRGePSSIEAMAREeH hydrogen to mixer 820. If the level of liquid

recycled reacted product/feed/hydrogen 822 drops below the desired.
fquid IS, JEPaFE6 EGHBNGI TS0 TS SHET G POIEh SEIoEbsOerigased by he

desreasedievame s eihysyegeiminion hixendzdiskReaattiddiopitegdtosure of the

it tor 840 t t 844, liqui i .
R LA SRS b o B ok L (AP B M crice
flo0g, 'Eegmibdg_amed prodivei Qwﬁmmt@xﬁgosém%%m@%@é‘@wombmd
t%?g%hs‘;%%%@&' &d@é‘hn@'%&&?%%@iﬁ?ﬁf&‘%ﬂ[@@d&&@?@%@%ﬁtéarmse 1008.

Seconc aréa 940 through sixth orifice 946. Recycled reacted product )
oBebipeiipRYg ersaR BESIE! SRt isedd 0 1Rc e SRTH AT el Hrpugh first mixer
SRFea1 dirstaRis @ﬁ@@&a@n" éd:d@itﬁ ﬁi?&\ﬁgeﬂ %sm@mm éﬁfﬁas (ilﬂ.\mo floye thr:]ough
reactor system, generally designate the umera where the
AP TIE DR AS COFE ShAGA By GRS e vlve
ingbe. reasteiedreastrdardisttitie1002riigaud DD dirist Bydtitrale20 1@00gh mixer outlet
thraugh first orifice_ 10 : 1 nt rrele
o e e ot ang gy

1oagted pefics et wieagero B il wg Rmiebot st bl Oethiishsdbreacts. As

IRl readedBIdualanydradn (12 tan-Chiars B ek 18204y endhydrocarbon

first mixer 15 inlet 1024 where it is combined with h drogen 1

[ 032, which .
cAtEFS ARker AT T SN SNETRARTHAEF IR E2TI08 QLEEATY ﬁﬁ& Gases 1043
hyels ggem d082nis-eanttalied by dydirngenvatfies 1030, Recyttod véadtagses 1045

S TS et 008 R et el o R o

1040, reBycteeksreaofet s dydifesuihydigdyendliggectemientisretigh045, are

C%%%Qﬁ%r@@ Qt ERQ:QM Qgﬁréﬁl@e}% &fich is above catalyst bed 1060, If the pressure of
gases 1045 rises above the desired gas pressure, pressure controller 1050 will signal to
hydrogen valve 1030 to decrease the amount of hydrogen to mixer 1020. If the pressure of
gases 1045 drops below the desired gas pressure, pressure controller 1050 will signal to
hydrogen vaive 1030 to increass 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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20 recycled reacted product/feed/hydrogen 1022 reacts, hydrogen gas
and light end hydrocarbon gases, 1045, may come out of solution and
accumulate at the top of reactor 1040. Gases 1045 are removed from
reactor 1040 through reactor orifice 1047. The rate at which gases 1045

tor 104Q th ifice 1047.i lled t
SEROTER) e SUBERBr S L0y A bR PR TR SR e B 160
Hefesnild4p vate BSinfemittie atfpsegsiireceottibller 1050 which is above

coralysied 00 JeRe R 8. 0h aaReed i nee J00UEIDGLRRRE by e

gas pressure, pressure controller en‘valve 1030

feensE sl weem o anentinyef bged is thrreactapommimdipsbydhedeypl of the

il AT HARS belavvdhedRtired nasRaasURt SBSSHES SONIRHRE first
1050 will signal to. hydrogen valve 1030, to increase %((3 amo

t of
RO in (S TS B RI0E ot ROURET o AT elp T3
ttrebihd eastdedrtetd fdtiueact éddimidy ex T OA hpiiisaiato] 326 dimd bl ithird

area 1140.through faurth arifice 1142 where it.i ity 4 | . spli
R e S R e Sl LR L P R e R oo
dinifiogtfinsmisad ey HIBA YéwredtiproBBet IBEIHIEREERIS Kb U dhspHers mixer

areRy hkgtbHuauah Hitsitiariiee Hdb.Reaysied raeethpsadushidRg by
is pumped through recycle pump 1160 before mixing with fresh feed 1002

APRFeESpieFeke 10 1Bt artn e Gl Erndirr denesm Mg et daiess 220
Sysbeph :eesesatiydespnat ey #e rensree ak b 200uyhesscthenteal iy, ahside

liquid i tor.i Il the | | of 1 iquid.in th ctar.
D R A R ST BTSSR 17 et FiRfilbea 1260
1®bete Recptie dhsoacyedremtiast 8 BecHtand ytbagsudAdomficks, 1308 gendeas and
tRERE W&M@Q&?%9&89&;&%@9&@&%&&%@&&@@4{%@ top of

aréa 1210 through third orifice 1208. Combined recycled reacted product

afserctectR40 1 Gastsr Mers iomested Sro Treiag h A thieel Tpgetor spifice 1247, The

wherg #issembined b Rydragenod232:mhichepistsiixakd 9242 20controlied by
through second mixer inlet 1228. The quantity of hydrogen 1232 is

cBMrEREa By hydrogen valve 1230. Recycled reacted
productffieeidiy didgeiqhgP2exisimixesd 2 dduthfectilyitogen dalie td @@6itored at

d fl int tor 1240 th tor inl .dnsi t
g e R A a0l 108 e R 60T Horpied ractes
bewdrEbedhpieoarebibis rines vy 6t Aesicaddipristisreidewhyeraper 1250 will
1222-1936Rrbyaronen 02 andhdrealgtenbiyare e 0RSesh4456. If the level

may come out of solution and accumulate at the top of reactor 1240, = |
Rl Tae i FERISR RO SR80 A RS RS s Lol Tevel

Theerstetailisthichaies i barpireraovaddmupreatiaed24bethraighof hydrogen

o%g%mﬂéﬁgegontrolled by vent valve 1270.

Reaéted product 1246 exits reactor 1240¢ through reactor outlet 1244, Reacted
product 1246 flows into second split area 1240 through fourth orifice 1242 where it is split
into two flows, split reacted product 1252, which exits second split area 1340 through fifth
orifice 1344, and recycled reacted product 1356 which exits second spilit area 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 liquid in the reactor is controlled by the pressure of the
gases in the reactor. Fresh feed stock 1402 flows into first split area 1410 through first orifice
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The level of the liquid recycled reacted product/feed/hydrogen 1222 is

monitored at 20 level controller 1250 which is above catalyst bed 1260. If

the level of liquid recycled reacted product/feed/hydrogen 1222 rises

above the desired liquid level, level controller 1250 will signal to hydrogen

valve 1230 to increase the amount of hydrogen to mixer 1220. If the level

oFifuiBeeniedaeersaicrseprotiig Aot e e e8fiocd a8 B epbined

desiadiguidiewshudexed cratroller 1280 lssignatia MmeiegemMalvorifice 1408,

1230 to decrease the z%g]ount Ofaf% rogen Zé%énto mixer, 12?1%%5%%:& First mi

DGRBS P o3RO TH T P4 0P ST T | R ouen fstmixer

pridepi2iAdigftawns dotabdecionifsipiirapen MA20whicughideurtiiarideé t24dh

where it is split. _int lows, split r | j

B e g T B S o S e

piédtcReasied/ieticd rodvet/fied bphitograd AZUokiknBiNn SE0ikrpesiniadner outiet

13465 REBUIRGES @Q&Gﬂ%&ﬁ&&%ﬁ@é&% e d AP0ugh JeLAEHS PR recycled
e

1360 before mixing with fresh feed 1202 at first split area 12({'18% FIG. 9

SHORELPEREHTSt TS aRE b Hov PRE HBPRS B G A ERrgn da sy 4

Lh@cﬁ&&ﬂ%@ité&@@&ﬁb@f%ﬂ@&déﬁﬁiﬁwm tiguig, lﬁydﬂegmmiﬁ Egnté?ﬁé@drocarbon
the pressure of the gases,in the reactor. Eres ed st 140

T o oA oA P A 08 i I s 1405

progiatdEEaiowsaiito b%mm@gﬁ@mmq ‘tﬁé‘?cdﬁbmwtr@byél@dses 1445

rﬁ%ﬁ%&&&?ﬁé&h@%@?@%%&%'%@ 1SRH Rread At hrough, thid 470,

orifice 1408. Combined recgcled reacted product and feed 1412 then
enters niePIESRECRT StRFBSHRETRERe A st 400 MRS 887AbiHEL vifth

2%%&%%&5%@_ ' fl'}ﬁﬁf(ljiﬁé@ mbﬁg%ég% Hﬂ@&ég&” dht%l?ﬁh%qmbﬁelﬁtﬂi@bressure of
. The_quantity of hydrogen is controlle ogen valye .

| PR e A Y OGRS S T L ST B aAY i pese o
thispfspaambabroLtiet ol dfe ardiftorsintef dydtogddibtitixmougAte Hotor pressure of
inlet 1442 Inside reactor 1440, recycled rea r 12 110
s e B e e AR e 8B

reanteprodue(febdthipgrense tht AT e BYIABEGEP a8 Bid3fyht end
hydrocagop:d0.0a8es 1 M4 akgemaquiadael wienapsteecumulRta @dd

the top of reactor 1440. Gases 1445 are removed from reactor 1440 = |
thPER AR SOBRAREL 1orand THE pte AR HIERPga ST RATEIg b faidgiRgt 1s split
frapioraasyridddiihsastgimstiios 13647 igicarialeecbydvapiit waly ¢ 84 Abrough fifib

The. pressyre of. excess.hydrogen and li end.hydrocarbo es
R e e FhrIg e Pty Jark SRS AR SiaaD PR, 1540 oroug
1466hIbtifeeptessuReakitErgaseb 4aS e Abpuentb iosiedegrse pump 1560
pr@éﬁ%‘fé‘%ni%i&ié&iﬁ%&ﬂ}{fﬁé!ﬁf&%@ #ill slgnaldoshydrogen valve 1430 to

decrease the'amount of hydrogen to mixer 1420. If the pressure of

FIG. 10 shows a schematic for a down flow two-reactor system, generally designated

by the numerat 1800 where the quantity of liguid in the reactor is controlied by the level of
the Hquid in the reactor. Fresh feed stock 1802 flows into first split avea 1810 through first
orifice 1804. Recycled reacted product 1956 flows inte second orifice 1806 and the
combined recycled reacted product and feed 1812, sxits 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 exiis first mixer
1820 through first mixer outlet 1826 and flows into first reactor 1840 through first reactor
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gases 1445 drops below the desired gas pressure, pressure controller
1450 will signal to hydrogen valve 1430 to increase the amount of
hydrogen into mixer 1420. Reacted product 1446 exits reactor 1440
through reactor outlet 1444. Reacted 20 product 1446 flows into second
split area 1540 through fourth orifice 1542 where it is split  into two flows

dpift A4t dueiransy AR Fravsleddareind RpARChEed/ BYqRrB dgPAeYS
sttt 5k b
[ rou S inmee . reacie odauc |

C TR SR TR

\ibrfiestus plitsaneson 410 @ErFIBte B0 toh ow Afsshearaict fsila Hiownatidyst bed gases

t‘@’é’¢£%§§¥§;%;§¥é§%?§gf§?@ibfog?MS&’@PHQ%Q&H}%@M@%W%@JQ@at

guantity of liquid In eactor is controlled by the level of the liquid in the

revish Crt eapl Febrd R 11862 FewrsIpte rirers Sttdrastora Bd tiikeRngh first reactor
osifiee 1894 Regyeied JRradiet B966 flows into second orifice

1806 and the combined recycled reacted product and feed 1 exits .

first split &Y 4 PTBHGHHT %&%‘ﬁ?fég% Hé&i@%?eﬁ% Sééglésdmommmd at
réastegdpreductiantticachiB i dven Sntarsfisst haikeBAB 20 tihlovg v filigtrd
mixer.inlet 1 wheret | mbi i aick r

R S b R S B e el ot hove
heetroofén 188wl tenebirtrByylroe sy Hiber FRPEIrB30 Redyepgt of nydrogen to
repaleARraduey @%MK%@W%&&%@E@%&u@%@%ﬁ%@& N$02 drops

mixer outlet 1826 and flows into first reactor 1840 through first reactor 19

ieloTEo drsEricligu reut P dos! Fartels 18308my! signal to first hydrogen valve

pradocd feedivrdreganif 22 Hiavegcthiaudhastiraheatelyst bed 1860 where it
reacts. As recycled.reacted pr t/feed/hydrogen 2 reacts, first
cotelys SR NS e I SRRy ek B J R TSy ovie
chRdé. Glirsoéssailyeti rdgrrddact LB G Bee atnthestopnd ifivest retiG draeZothRiggnixer inlet

catalyshbed 9asesmd8dn A e yanavetdom fitstreactar S84 oHER throngh

first reactor oritice 1847. The rate at which first catalyst bed gases 1845

afEVEHTEVET RGBSt rewcrBrtiBnof vGRgRitEPdachsi pepppidydrogen
el s S e ol s
proauctiiee ro IS monitore Irs ontrolier . .
RESPTRET S S LA 508 FUBCP TP HRETRE] L ey Bgectr e
refiedimiesetdad diaydragen it22atdes abbymdnettizdimeenitRid fmed through
first lew | ill signal to,fir

Rl AL s S e o

retsyoRstcrtmrTe biep favfirextie sa nyd bt Aot dpriersprtzasy theS degyrerme owt of
ligiddeyehdisstiguaheontilier, 8RR NHlsigRal fodirst bHOeRRYANS: gases 1905

1830 to decrease the amount of hydrogen into first mixer 1820.
are removed from second reactor 1900 through second reactor orifice 1907. The rate at

which second catalyst bed gases 1905 are removed from second reactor 1900 through second
reactor orifice 1907 is conrolled by second vent valve 1930,

The level of the first catalyst bed product/hydrogen 1882 is monitored at second level
controller 1910 whick is above second catalyst bed 1920, If the level of first catalyst bed
product/hydrogen 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 sscond mixer
1880. Ifthe level of first catalyst bed product/hiydrogen 1882 drops below the desired liquid
level, second leve! controlier 1910 will signal to second hydrogen valve 1890 to decrease the

amount of hydrogen into second mixer 1880.
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15 First catalyst bed product 1846 exits first reactor 1840 through first

reactor outlet 1844. First catalyst bed product 1846 flows into second

mixer 1880 through third mixer inlet 1884, where it is combined with

hydrogen 1892 which enters second mixer 1880 through fourth mixer inlet
1888. The quantity of hydrogen 1892 is controlled by second hydrogen

valve fsﬂg@tﬁ&ﬁg@%?éﬁ BEHSSFORRICIPRGAFIGON HERIERRARPBA RGP HARES! 1904
130 dhpstah20ceaend Mmixescebil 61886 andifiwaghtiveeseridoeBidwhere it
1900, through second reactor inlet. 1 nside.second reactor. 1900, fi

AN P b SRy B TR h e e i Bl el trough
1R Oovidiver 8944 cact sedvsifidseesdtdlysiduet] fioduleigh politgecp i@ glitaswmtd 240

ftnﬁ%%%g Sakalyat hed iy deogen 9as.and JighhentBy i aeatbongases AR pump

ome out of solution and accumulate at the top of second reactor
11860 beferoniramaijbiimel 58480200 Srtrats F#embRAY from second
reactorrdQ00; thisweh seeandd eaciab el iRy kAR redheriaitent, yhioliy designated

) d catalyst bed 1905, ed.f d tor 1900
R OB SHEE AR FLHERG OFBEETS03: A G By GeEGTB VA Bl Posr

1938 Fhes leMik ofdbedfirBtehtilistibadpiodimutirdeciyersiiio@es2010 through first

monitored at.second level controlle, Ich i . SEC t
e e R S Sl
asovEntterdesiedddigtad teodiciueoiel|dVE! estitrBii snloroea Al 1Sidares third
seERAch hygregen ¥aly 13901 tR dneraasa e RMmauN OhhyaQaRR Brst mixer 2020
second mixer 1880. If the level of first catqglft bed product/hydrogen

BT BRI 24 FERETR T d ROV S WER VSRS Totitr g &y fgters first
wilbeioraiteargenddaydregen Malveol 890He (lrarkase thérngeadn of controiled by

hyd i ' 0. ' .
o HR i  CocH EAeAr e P TPy i 6 i mivcer
fl200¢ thtough cosichepdit artet 20A0athi8oyh ifvofinsorificern YD Wiverehifire reactor
SPALS a&iw%l%%%s%ggm@%@.@é%m 90Ra WHIGH-BYILa S8R SR fiows

area 1940 thro th orifice 1944, and recycled reacted product 1956
wibTensh st sedyrl iR et hoa d Baso T SR cSiTReefars i RERFE By drosen

reasted REO Rt hOBG:I BUMBRG N U ehRENCla PERR AARA balere 045, may
mixing with fresh feed 1802 at first ?ﬁht aggémo. FIG%;%I%S?OWS a bed
SEP TSP SRR AE 401 QR RTSSAUPLIRY dessigRatsi y bed gases
trE4imerah 200hwhchest henepualiny fdicphi ditet thecteantdivts26ehirdledats at

by the pres - Of the int X | i
e, B e R el Rl B ottt o0
progtrelilBeHeiveunHsiseddne. orifice 2006 and the combined recycled

reacted poguctaad feed.&04:2: exits trsbsplikares 204 O 3hr onohiithrbon gases

orifice 2008. Combined recycled reacted product and feed 2012 then
e RKE3Rs CRORIEFD Ayt préssure controlier 2050 which is above fivst catalyst bed 2060, If

the pressure of first catalyst bed gases 2045 rises above the desired gas pressure, first pressure
controlier 2050 will signal to first hydrogen valve 2030 to decrease the amount of hydrogen
to first mixer 2020. If the pressure of first catalyst bed gases 2045 drops below the desired
gas pressure, first pressure controller 2050 will signal to first hydrogen vaive 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 208 through third mixér inlet
2084 where it is combined with hydrogen 2092, which enters second mixer 2080 through
fourth mixer iniet 2088. The quantity of hydrogen 2092 is controlled by second hydrogen
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through first mixer inlet 2024 where it is combined with hydrogen 2032,
which enters first mixer 2020 through second mixer inlet 2028. The
guantity of hydrogen 2032 is controlled by 15 first hydrogen valve 2030.
Recycled reacted product/feed/hydrogen 2022 exits first mixer 2020
through first mixer outlet 2026 and flows into first reactor 2040 throu%\m

80 through

firdy peBforFiretesiys brtsrrednrtiudzensn Yoot SO el
iR Higeelbre 000N 20 2R He o Hatoh@itdirsr catilybidagtl 068 wheter iinlet

reacts. As recycled react roduct/feed rogen, 2022 rea first
R o Bt ) P R AR B s groue
28aheelysidicdifiowhed dceansulatdint tataipg oifpotdecitpirp@er0l082 reacts,
Fi - irst I

R B ok of

fisgkutioacrest SOROTING R ieP ISR FREEPDBUPP S eshtt GREV PRfsgases 2105
VaRL¥ANRZRNA hnpressure rfaxenns lesbsatalyal-hedity grogemaiare at

light end hydrocarban gases 25 2045 are monitored at first pre e

O BRETS0 TR S oL C AT S RS B A oL e second
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pressur?hecﬁc))rréggo & {)g 60}??%5)/ gxlzc%g@ éclﬂ!zﬁ {%EE% Y8 ngé%p gi?d%?ydroc?rbon gases

decrease the amount o rogen to first mixer 2020. If the pressire o
fitdQé araporisensdpisesongasegras betolirtdé Yoshisl igaroprasstne catayst bed
prespuniecOBalleE 2020 il signal it hysieoareyabie 2R3 d8red gas pressure,

increase 30 the amount of hydrogen into first mixer 2020. First catalyst

bEFPRbBRET IO ERHE st FeHl B0 SO TRRIgR Rt e dRior Sl Somgse the
Fissbeatalysiibae:pie stiend da daustintoke saneiraixtic2OR0 by bethifges 2105

mixer inlet 2084 where it is combined with hydrogen 2092, which enter
R AR PR 0T R SORLP B S GH 1KE ZAI B  second
hissliogzen 2082298 do insttetsbips evonut b dydymerihioaisRDOE; 4 PEEO.
CataIyStﬁ%gtﬁ B%QPE 9(58 %%@s?sgggﬁﬁgitg? 9?@&'@?8&%5%@&%&@%&& outlet 2104,

second mixer outlet 2086 and flows Into second reactor 2100 throug

sEEarad RS Hit Sompifederonbaiid e BIEhART EnPAIGSt Bt Where it
p&e@pi&téﬁaéﬁleagﬁf_ M}&%ﬁ)ﬂ egx&é% @ugﬁma@mﬂm@gfi?w mdnSalagﬁt\Mgamho through
reg ts. As 1 tcatayst roaduct ro reacts, b5 seco

L B SR R P R PR e TS gy 2140
camneughutiofh salited abdmecuindiatetad thedtopiBsecomiredciop @i 0fnycle pump

Seepgdsalisthearacs 3105 samoved [amsggond reactor 2100

through second réactor ori ice era second catalyst
bed gasBE2 1Dshare rerpbpelif dbn SesbAehr sHetHeo0 oYHieslL gRsedbifpsignated.

repeint RBASS1 3367 dehernie U,%%ﬁmﬁq%mmme@@og 130k TSy the level of

pressure of excess second catalyst bed hydrogen and light end

hﬁ%{g&}g%ﬂ@g&‘e@gcr Fresh feed stock 2202 flows into first split area 2210 through first
orifice 2204, Recycled reacted product 2356 fiows into second orifice 2206 and the

combined recycled reacted product and feed 2212 exits first split area 2210 through third

orifice 2208. Combined recycled reacted product and feed 2212 then enters first mixer 2220
fhrough first mixer inlet 2224 where it is combined with hydrogen 2232, which enters first
mixer 2220 through second mixer iniet 2228. The quantify of hydrogen 2232 1s controlled by
first hydrogen 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/feedfhydro gen 2222 fiows
through first catalyst bed 2260 where it reacts. As recycled reacted product/feed/hydrogen

22



10

15

20

25

30

2105 are monitored at second pressure controller 2110 which is above
second catalyst bed 2120. If the pressure of second catalyst bed gases
2105 rises above the desired gas pressure, second pressure controller
2110 will signal to second hydrogen valve 2090 to decrease the amount
of hydrogen to second mixer 2080. If the pressure of second catalyst bed

gaze septiesins wiais befowdrmen e iehh raddnilosuoaREPREsetremay come
RpERiankLL il Signakiosecans o Mhdiagen 4al wBraQAt i nemasesthets are

amount of hydrogen into second mixer 2080. Reacted product 2106 exit
SRS BT RO A SEEgh P BV SRR FRARE VS frst
Reaslyes E2EQAMO B! e senone Iplitndiaar2At Gt fironfaeop dhfce 2247

where it..is. split into t %Io plit reacted product 2152, which exits
slgggﬁr %lﬁﬁt%gr’éiéqz"fﬂ%% ¥8Vé3ﬁ620 fifth orifice 2144, and recycled reacted

productl2e s&vsyhfdhediauiGesopigbrsrenfaranstiond by st ficgonitored at

46 RecyalngieeRie ¢ RIQiUGCHEIOBrlS DRREEHTOEENIFeRY oD BMRInid
2160 before ml_xmg with fresh feed 2002 at first split area 2

10. FIG. 12
YR B Maoaro e RS SR AR Afyd et Tt ovel
desigaaien? nhesipna esdlr220miwbear edive IRt tinabisuicki amibemterdtigdrogen to
is.controlle level of the liquid jn the reactor, Eresh feed st
D HORE IRl P AR O At St Do Mg frope
réeictedprirdired 1856 Rowislintblsed onulokiticd230 06 bsidddo coshbiideegen vaive
resysladyeactedpraductapd ferd 221 ariis:fiist spibarea 2210 through

third orifice 2208. Combined recycled reacted %roduct and feed 2212 then
enters fSEIANBAYD DobPTPHBtigh i<t tart iFrationdyt O fherush Rregrmsineeriet

MM@&@%&%@M& flmﬁl ﬂgﬁfs:i&dlzms Z%ﬁ@eﬂﬂ@ﬁ@fﬁﬁ%@b f RHird mixer iniet
mixer inlet . The quantity o r n is controlled by first,

A s b PR SIS A by S PR R RS BhrsD SR fpooeh
fifstonhixeixeP RRE AR Jhéirstantixen Outiee 2225 2ha flowslistbfjrstamathyrirogen
2240 t gh.firs ctor din ide, first r

Py e e s B R
wisepadmrisceriRs b e d rsgcmid seadseteien A Bgere sepompdreactor injet
reagts, fighcatalvatbad-hydtagenaas:ARchiaH-end dracarnR 0ases through

245 may come out of splution and accumulate at the top of reactor

2 - .
2SR LB A AR L DAL oftS HEh RSN A (5P EFygre2 roacts,
thyargh fitatvedetinarfies 2247 ehratd aydvbdetvdirsiaeatzdpsthaedcome out of

gases. 2245 are removed. from first reactor 224 ough fikst r r .
g SIS G R e T S e o
rewychanbred dront provdorfeta/Bi dyensR 38coks nveritoreidies Xhet |disirate &
CoRAIEL 2R QG %Q&g%iﬁta?@{@xy&tmggoﬁE%EMQE%l {@Hidoh second

recycled reacted product/feed/hydrogen 2222 rises above the desired
ligeratnswaltifp B s controlied by second vent valve 2330.

The level of the first catalyst bed product/hydrogen 2282 is monitored at second level
controlier 2310 which is above second catalyst bed 2320, If the level of first catalyst
bed/hydrogen 2282 rises above the desired liguid 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 liguid
level, second level controller 2310 will signal to second hydregen valve 2290 to increase the
amount of hydrogén into second mixer 2280,

Reacted product 2306 exits second reactor 2300 through second reactor outiet 2304,
Reacted product 2306 flows into second split area 2340 thfough fourth orifice 2342 where it
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controller 2250 will signal to first hydrogen valve 2230 to increase the
amount of hydrogen to 10 first mixer 2220. If the level of liquid recycled
reacted product/feed/hydrogen 2222 drops below the desired liquid level,
first level controller 2250 will signal to first hydrogen valve 2230 to
decrease the amount of hydrogen jnto first mixer 2220. First catalyst bed

PRI MEochimess Rl SelsT DAl tHroug FRIER LR PRt sRlIS a8 2 p4flfhrough
o%fﬁlwsiﬂael amwa&eééﬁdlméﬁt@@mgas?kxmcazﬁﬁstﬁumg@rt]ﬁrﬁea 2340
ixer inlet .15 228 e it is comhine it en 22 whi
e e 2 B e RSl T S e i bt pummp
Rahdbeine 202iig edtitriptiddsy 8260 atinsidrdereazive. 2290. First
catalysthed;Rradusthydiaoen 2282 Eﬁ%@%%&%%%&%ﬁg%ﬁ%g designated

second mixer outlet 2286 and flows into second reactor 2300 throug

ReBdrmsEt AL TV Bese he ARtk 6E Saaidda dhereastn, ificonEaling stfhe pressure
m&d@%&@%ﬁi&gﬂ@ﬂé&&i&a ﬁg&ug f@é% Hﬁd&i@ﬁh@@@pﬁ% gggamt@ﬁé ﬁ&?ﬁ%@@d ugh first
It reacts. st cat St I rogen reacts, secaon

R e R R R e T o roe i g e
cormiioed oicsdkitiemad dmductmided e tepiniieaiid reachi2BARh third
%%f@&%&@é?'%‘éh&%@%ﬁi@%ﬁcﬁ%ﬁeﬁﬁﬂ%g&?& ﬁﬁ%‘iﬁgnraen%%%"%i%%%gm 2420

through second reactor otifice 2307. The rate e which second cata

béery ek dsspuisaidqicitBicnoiniseshiagé adtb hy80ehPdEyvdadoemers first

2niseaotonatficgr dée contrallechhysesang Ment MHGIARR0 7 hRe 1eV6klied b
oe&}%fle first cata[lay&'st bed product/hydrogen ZZS%is monito?red at second trolled by

|SYE O RESTERYS PG R Ac 5B Stas Ga aopip e st ShIgERpon A piriE favemixer
of4izstinmiadysird ediay dnogem 22 824rfess abovierdhe aesined diguish evelkt reactor

sg vel cantroller 2310 will signal to second hydrogen valve 2290 t
irjl%‘ir%ase h%né%r%%%rr# B?ﬂ%é%%éh’ é’gé%aorﬁ ¥l rro%%f%%hﬁ%ﬁ)gﬁg\%%fﬁws
fiterosatafirst trselystbad Sopy diger 2282 déopscyeleivthuadgsindelifueidihydrogen
leveh secandlgvel.contiol %5&%%%?}'5 M@%ﬁ?aﬁ%%%%@éﬂ%&%@eﬁ% may come

2290 to increase the amount o ogen into second mixer 2280.

R4 AP Fsa A 2s06 BINE Ydbs P eatidreastts Mrdudghsessrysidndigrses 2445
ontidethdds Reasted-AasuiR3I0R HEWEINIeseF QREESPILATea12348: At which Frst

thr h fourth orifice_ 2342 where it 23 is split into two flows, split reacted
R DR B e SR P AR ot SR o B0 onice 2447
284tnimbakty ded vesotededitiuct 2356 which exits second split area

2340 hyquah. D 916 2340, RAGYAISHIGAREA BIOHES 2390 5 rcoon e,

pumped through recycle pump betore” mixing with fres
abfifst SpPaREaTYS FUOBIPIesws eprtelier 3¢bleiziot fortavafrfiowtalyst bed 2460.

tworke BEsey8Y Stat: sanssalixdesignated; by the numealahAQQ Whese @iy

qu%ggﬁ%’/e%gg%gllge;%é?g &gl?gitglga,llstg %rr]g %ljlr?igoggntgaeivpe:rgﬁlsu?? (51 {§ decrease the amount of
hydrogen to first mixer 2420, If the pressure of first catalyst bed gases 2445 drops below the
desived gas pressure, first pressure controlier 2450 will signal o first hydrogen valve 2430 to
Increase the amount of hydrogen into first mixer 2420.

First catalyst bed product 2446 exits first reactor 2440 through first reactor outlet

2444, First catalyst bed product 2446 flows mto second mmixer 2480 through third mixer inist
2484 where it is combined with hydrogen 2492, which enters second mixer 2480 throngh
fourth mixer inlet 2488, The quantity of hydrogen 2492 is controlled by second hydrogen
valve 2490, Tirst catalyst bed product/hydrogen 2482 exits second mixer 2480 fhrough

second mixer outlet 2486 and flows into second reactor 2500 through second reactor inlet
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of the gases in the reactor. Fresh feed stock 2402 flows into first split area
2410 through first orifice 2404. Recycled reacted product 2556 flows into
second orifice 2406 and the combined recycled reacted product and feed,
2412, exits first split area 2410 through third 10 orifice 2408. Combined
recycled reacted product and feed 2412 then enters first mixer 2420
thrspag Lfitat sabeaidirded K900y fiererititysCradredusiliy tnrgrodt 2168 through
which enters first, mixer 2420 through xepinlet 2428, 1487 react
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co‘ﬁ?gmﬁﬂ’f‘gf%%%ﬂofg&ﬁ %O%%(%cﬁl%rﬁ%%%ﬁa? Y ogaoﬁ?sgras}t reactor 2440. First
catalyst Dechyeses: 24 45ccaseammbsasa Yrohedibsdre senono g andbyhaegpon gases,
fe%éefagé'—&%e %&-am%o@&}@gau@e&fy&ﬁ&%mm@gm@@%@m&m bed

removed from first reactor 2440 through first reactor orifice 2447 is
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pr@s@g‘?&é}gﬁtﬁﬂfﬁwﬁsﬁgﬁ lieeM@m&meﬂiﬁréﬁﬂQmﬁg@% to second
valy e.the ameoun fdhe
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15 pressureRfiestegresiuns L6t eaite sea80 At SR h R GaRAGiy utlet 2504,

2430.10.i0cIaASe UR ARAURLALRYRNQBRNIBL0 HES! wiRh 2628, bifste 2542 where it
catalyst bed product 2446 exits first reactor 2440 through first reactor
Bl%ﬁ #£2,2540 through

ouftH WA OFiRSY . ARAY SPHIEH RECE 244 8 RS ST R0

2480 throniay Saird amixes istet radbed whoane: it IS € onmibinedwdthdayidiierees 2540
2492, which enters sec ixer 2480 through f . mixer inl P —
U R G BPF R 200 e T Ty S b ab e oyele pump

20 24996 Frsfboataitystghethirotiicth 488 ge AruaRiesis 2E8ébnd mixer 2480
through sgeond Mixer outlel 2486 and s inte 3800nd<aasi AR senerally

through second reactor inlet 24 2502. Inside second reactor 2500, first

catdfsimBisd ProbuBIRGERGHOH PEET HE MG B SEE Sh PR aTafi pagprolled by the
2520, whetg.tieasts s:Hisicataisibadspiadpsthgomden 2482pkants 2810

oot e ot g s I oo R R, v

25250Q: Seasinsdaatakist bediahpraiu@baf feed, 2812, exits first split area 2810 through third
orifice 2808. Combined recycled reacted product and feed 2812 then enters first mixer 2820
forough 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 controlied
by first hydrogen valve 2830. Recycled reacted product/feed/hydrogen 2822 exits first mixer

30 2820 through first mixer outlet 2826 and flows into reactor 2840 through reactor inlet 2842,
Inside reactor 2840, recycled reacted producﬂfeedfhydrogcn 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 accumuiate at the top of reactor 2840, First catalyst bed gases 2845 are removed from
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5 are removed from second reactor 2500 through second reactor orifice
2507. The rate at which second catalyst bed gases 2505 are removed
from second reactor 2500 through second reactor orifice 2507 is
controlled by second vent valve 2530. The pressure of excess second

catalyst bed hydrogen and Iight_endgg%tfjrocarbon Fgases, 505, are od
RIS ARG Y FEasiIFO TSRt AiEr SR WAL R avECaBGh god ases
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p! ct 2556 which exits second split area. rough sixth orifice

2%%%8?3 8%%38 reea%l%)a‘%rc(?gn%%{%%én i%sg rg%%]%%zttﬁrpugh recycle pump 20

2560 befons axtblirstheithttrdats 2866 Duopingp fresoap ik 4 S ibrqugh thind mixer
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designated by the numeral 2800 where the quantity of Ilg#ld in thﬁ)e(rigctor

istarsmgh feertb e TRiFbREHEnd e aREIHRS RYdmeriPieer Terrafnd oy saernd
f'%\%&&'g%’ zgﬂ%?'fmb@ra@@%a@mmf d;ﬁsmﬂﬁaeg% ; ; Zaﬁmglamay‘ cledméacted 2880
roduct 2956 flows into se orifice a 5 the comhbin .
N A e e e T L
orifiges2 308G emilyre ek pycled/rodoiee: BRFGucecthdfeend 282 Dyiheqs hydrogen gas
tere first mixer 282 Mty "y .

R O G S e i o DBtk top of
orificenBg2BlyFHecd 35AtinSerTUaRR DeBaaetdAtrEd Ry RSO §Rrend

valyp. 2830 Reeyrledyeasted praduciieadiytmaen 2822t et from
30 2820 through first mixer outlet 2826

. ; d.flows into reactar 2§§
thiBIRgRL & TAED 8754 AL 5 RORNBT SR SRR ISR e ted
product/feestibyardgeniRBz? Hevestthyatgh frshcataiisis betR2B 60wehisreci t
oS aedieasp piaduelleecibydieagt: AF88 9955 L fovel of liquid

ca?g‘f)?]s? bec h;(/’@rogen gas and light end hydrocarbon gases 2845 may .y
cofiret outlykSidovivatitdcezm AR et anp e fsakegivpibicpsstecond level

ca SETHOYSE SR 2B/ EeROIDIAB4RHY DldGRalitsk of
reé%%ﬁ%%%?%%%?ﬁg% at Wh%h first c,atalxst bed gases 2845 ar °

reOVRERT $hiaRe BB A6 thr JLENT S MBI THT 28T N BRI iaty drogen
by 44§84 drops below the desired Houid level, second level controlier 2510 will signal to second

hydrogen valve 2890 to increase the amount of hydrogen intc second mixer 2880,

Réacted product 2906 exits reactor 2840 through reactor outlet 2844. Reacted
product 2846 flows into second split area 2940 through fourth orifice 2947 where it 15 sphit
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 2046, Reoycled reacted product 2956 is pumped through recycle purap 2960
before mixing with fresh feed 2802 at first split area 2810,
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vent valve 2870. The level ofthe liquid recycled reacted
product/feed/hydrogen 2822 is monitored at 5 first level controller 2850
which is above first catalyst bed 2860. If the level of liquid recycled
reacted product/feed/hydrogen 2822 rises above the desired liquid level,
first level controller 2850 will signal to first hydrogen_valve 2830 to

increadB@n&SaThoint STSRREYER ddonrstlamarbibet Trarionsyurss AeRAtRLY
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exﬁs.second §8§5.a'i?%%}9fégs¥brroo rlgcg 2946, ecy cIe rﬁ,%? d esired

18 pumped-throug recyce pump before xmg wit
freshgee@@ﬁ&mrﬁssmmfzm 2 figsalts BrowsirgonhsateitOf o increase

a down flow Rii:oed: ieackL yaiemeaenerally

First catalyst bed product 3046 flows inte second mixer 3080 throngh third mixer
inlet 3084 where it is combined with hydrogen 3092, which enters second mixer 3080
through fourth mixer inlet 3088. The quantity of hydrogen 3092 is controlled 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
reacts. As first catalyst bed product/bydrogen 3082 reacts, second catalyst bed hydrogen gas
and lght end hydrocarbon gases 3105 may come out of solution and accumulate at the fop of
second catalyst bed 3120. Second catalyst bed gases 3105 are removed through second
reactor orifice 3107, The rate at which second catalyst bed gases 3105 are removed from
through second reactor orifice 3107 is controlied by second vent valve 3120.
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designated by the numeral 3000 where the quantity of liquid in the reactor
is controlled by the pressure of the gases in the reactor. Fresh feed stock
3002 flows into first split area 3010 through first orifice 3004. Recycled
reacted product 3156 flows into second orifice 3006 and 5 the combined
recycled reacted product and feed, 3012, exits first split area 3010 through

third oftieTsB0s: Cewshserrsdyalelr T by raan rdateay SuirocHann sases
%?%%@bmﬁ%%?%%gwmgibm imab%&zcc)aéﬁvmasﬁvié isadza%ﬂr@mmt bed
wit yarogen , which enters first mixe throu econd mixer
iﬁP@Pséé@eﬂa@%%ﬁ%fﬁcepﬁf/a%&%h%oﬁfﬁeﬁsgéz&%z%ﬁaé)“[??/’f‘*ﬁ%et%ﬁ%ﬂr%éaewmsm
Vb SpRenianyatetiacicied i agusiteedinddroiropB02ve 28 Tistemiree the
10 3020 through first mixer outl 6 ' r

PSR ARG J003. e i I0MD LCCIod FTR bt gses 310
ploghs dfeediiyitringd 230 siowsarnolipoRse caniyler B d0sullrigm g pecond

rEaES. ASIRGYSISE LeariRsprRduaHRe difydropa 38 24dRRG xR0,
cﬁatalysﬁ)%éd hydrogen gas and light end hydrocarbon gases 3045 may
i g?%?ﬁ*‘a“"d

come oBf#t QO TRAREE SN B BRER PRI S .
cpigdyst bad gasesBo4bane ssimaved fomnthge doteh KRR taaghiirsit is spiit

reactor orifice 3Q47. The,rate, at which first catalyst bed es
ré‘i’ﬁoo%?jﬁ?g'ﬁ ?é.lécﬁ%arcgélm%%tt%%%i r‘g%ng nf?gggf)%%g%gﬁ%ﬁfé? %@t%r[(s%flgh fifth
verificedli4d 30¥0: Ty adnessigrepufdaet 8 555 findticineaiys sdsend mpditagerd affd tirough

li roGar ﬁég@. | ' SRS
c%%%}?% er 3?5%%&5%%%[?(?% firSt %g%{g?%g? Q;Oﬁééﬁ %ﬁ%ﬁ;gﬁp 2160

obeieseaabanaPadigas Es SR AsEsbpdtaraie thisired gas pressure, first

gressu r?l@r?] ﬂ%@ﬂ%@Q@%}%ﬂé&ﬁ@f&@'&@ﬁ%@bhﬂi@@%‘?@?&f@ﬁe@sﬁﬁ, gens?ally
ecrease the amount o rogen to first mixer, .If the pressure o .

FRSPUERAySR A GHBEE 0N TS B FONS GUREN A AYEGR,fLCmpaplc by e

pieas wateoiitdd éx 8850wt skyad! fectirgbdiy A207 dlowalineoI0B0spdit area 3210

ingrease -the amo f hydrogen. | ] ixer. Cir

G ek e

3ascwheinsdiris rdpdoivrstb i dn rog SepS PA 2narich lant apdicaeppyLO through third

MXRI-3986: thronah fauahmixesdnlel 3083+ The muaniity ald\agens: mixer 3220
3092 is_controlled gé second hydrogen valve 3090. First catala\é?t be

R ST S S R SR AT iR geters s
outiet30R6 ancfibwstiongteseteriizatalyshedi8l X hywivesen B3 is controlled by
reacts. As first catal roduct/hydrogen 3082.reacts, s d. . .
e e S e R
cainz0duogls Gistiorzandudet §2301and Sothentyrekisedfitbrpahgetsser mlet 3242,

3120k 9?.?4@'3‘&7&#&%& gases gﬂé&%@‘iﬁe@ﬁw SYOUORSRGANM e first catalyst

reactor orifice 3107. The rate at which second catalyst bed gases 3105

arbefciAGN Ed R ihrRrBudH sEteled restibPEIY it idre gt wyts, first
SeGRNJVEE Nd¥er3 28s and light end hydrocarbor gases, 3245, may come out of solution

and accumulate at the top of reactor 324C. First catalyst bed gases 3243 are removed from
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 controlied by first
vent valve 3270,

The level of the liguid recycled reacted product/feed/hydrogen 3222 1s monitored at
first level controller 3250 which is above first catatyst bed 3260. If the level of liguid
recycled reacted product/feed/hydrogen 3222 rises above the desired liquid level, first level
controller 3250 will signal to first hydrogen valve 3230 to increase the amount of hydrogen to
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27 The pressure of excess second catalyst bed hydrogen and light end
hydrocarbon gases 3105 are monitored at second pressure controller

3110 which is above second catalyst bed 3120. If the pressure of second
catalyst bed gases 3105 rises above the desired gas pressure, second
pressure controller 3110 will signal to second hydrogen valve 3090 to

S BHSE 9005 AT B 71D ST R S AR B Lt ros
dsesanddiesital)siedgesass8k08 iapadcian willdigiskd drs brdssiteyalve
S d pressure controller.3110 will signal fo sec hydrogen valve

o o e AR R S P Sab e imicer 3080.

ReacteHiptodutisBi@brecdist 8340l Go4Dithrotagh reixet G280 tiapggipthird mixer
ReRctad. produetSL0RHIOWS IS RRE S8 areRBdd0danahdoua) .o

orifice 3142 where it is split 10 into two flows, split reacted product 3152,
vibTenss fne S gl RS Tha v gh wriummce S isscaralie e egond
r@@@%@g&_f 3?%@2@@?@5&h&%&3§&%@&%§£ﬁ&%@3 sﬁaf}peshd fOL@BnEkiRler 3280
orifice . Recycled re rogduct s pumped thr C :
oL B BAAE S oL oSe 2 AP TS Areb g e

FiGictt 6 shfiwscatsigtidradtioo i dinyop fon6 1ADIthized semctbraybieived hydrogen gas

Ally 15 desianat v Ot
ORIl IS SRRSO BB SRR Bl op o
feseraioekebzozddWintsderd sprbvabedazees RS IGR TP tdidECSZngecond
Regyelediiracie Praduet-333G aWsinlosea0nth e 3208 aRdeitred from

cambined recycled reacted product and feed, 3212, exits first sglit area

3T R SEGRUFRPECBARGS 328  EtARIIEH PESyERRd Feattad prodhict and

feed 3218 hen] enthesitisstmixer 222020 wotghr St 2l xeminlzt:32 2dsecond level
here it i bined.with hyd 32,.Whi first_.mi 2

m%%%% o3RG O‘f%i%)g%%;]%%%’é '?‘%%L%?i@tgr gcl{esvgg%%ﬁrég ca%aQLyst bed

second mixer inie rogen

controhEbyiso grsI 3B oneeresboahvibe3 8 dRpyid satale aestent! level controller 3310 will

PL VJ@%@%@&%@%%@% {H%&yag%fmua&m,?' Mi¥&Econd mixer
outlet 3226 and flows into reactor 3240 through reactor inlet 3242. Inside

reador Bhroevekyicies reitstbs ot ERITRAROET 33215 hBWY thrdgred tiquid

fingt satalysti 2 bad 3R vhers i eaets 1 SHREN HecHseaciatye 3290 to increase the
product/feed/ ro%%n 3222 reactsgr%é;t catalyst bed hydrogen gas and

d
li FFRERE P PARSRETHBHCF982R% 395 368} come out of solution and
accumukecatithedop: 88 téacior 3240 Pistioatatystbed:gates33245 Reacted

ﬁ?é?ﬁ{%gﬁggh‘i’% i lsSahd LBHMQJ% High rt%?t%@ﬁ e 3L 3%%% g)@l@ea{{ is split

rst catalyst bed gases “3245 are removed from reactor _
thigfaghdifstTe sek FengRIPBZP!i 8 entbirbPrisaembspBhrea RR# 8 Siyough Afth
Thetevehal thesliguiditacyusied eastedspredusiideagiiyelauen 822¢. 15340 through

monitored at_first level controller 3250 which is above first catalyst bed
35880 Ariee a4 Ogﬁayﬁ@d reacted product 2356 15 pumped through récyele pump 3360

before mixing with fresh feed 3202 at first split area 3210,

FIG. 17 shows 2 schematic for an up flow multi-bed reactor system, generally

designated by the numeral 3400 where the quantity of liguid in the reactor is controlied 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 recycied 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
{hxough 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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recycled reacted produet/feed/hydrogen 3222 rises above the desired
liquid level, first level controller 3250 will signal to first hydrogen valve
3230 to increase the amount of hydrogen to 28 first mixer 3220. If the

* level of liquid recycled reacted product/feed/hydrogen 3222 drops below

the desired liquid level, first level controller 3250 will signal to first

Hixdt bryéte sravelve 2480 oRpsyrdeieariedrrsinat SeAftydseras idrosithia mixer
3720 iR el YehBreRLp st 3246 fnvYSt e s8e 0RgMIRIB 28R or intet 3442.

through third mixer 5 inlet 3284 where it is combined with hydrogen 3292

BT RS A FReYRIS TS8R DIRAYCHrad R me R dr et s i t catalyst
OEANRiSUGH el fogens3 292ris voetaliendyrseacyflediysingen 34iges329 st
First. catalyst hed product/hydrogen, 3282 exits seco ixer 3280 .
BRG S A BT S35k P RGHe R e SR S g oatr
3ug0:oohandate bttt frstonddlfst Bed prodiut g drovsii 4282 reamorsd from
seeoRd LAl Re dhy degan.aas L endiontangd @M@ﬁg@%&g@g@& gases

3305 may come out of solution and accumulate at the top of secon
cAfAf Seserorss Gosecsrarc AN Srined grSes ¥H0gHe B fiRTotrghvalve

secmnd reactor orifice 3307. The rate at which second catalyst bed gases

3305 are removed from through secand reactor orifice.3307 is,cantrolled

by secontF FRRPURIOL TS50 SR HAVAT PO HTSEEA By LR Bydrocarbon gases

piddiictrbyantgesd 32 82 prssmitoratratisctbiiovwil idboonfiot eat8i3ihad 3460,
o _ . _

B R B N B LS

cBTfEBiTe SBIDi K Hghidl s de dushivysh vake3430 b eemerentis grount of

amamEeRtd ﬁ?&@gﬁdart%@@pqpé;@yz@su%?&%%@a@y@ﬁf diatcalalybRekiow the

e

productlhydrogen 3282 drops below the desired liquid leyel, second level
cORPSHePSBHE W SThaIeR e CORTM oG8 ik REPaTG TS HoRER Yhiye 3430 to
2thametiti-abhyerodandnicserpittaiet:3280. Reacted product 3306

exits reactar 3240 through re utlet. 3244, Reacted r@duct:% . .
oo it B AR EERIOE AR ld Ll SERE0 B R B mice

spietitt84wbdiois eptibidctath brstest 3392, Whidheesits secoh it 430
e RINEN, 1 SaficedR3Ah-ARG b £agted AR R econd

which exits second se[glit area 3340 through 25 sixth orifice 3346. Recycled

reRFREPravitic e 48567 S hEmAbEt At St FeBYEressa T 33606 sRerigmixer 3480
mipepw iR drashifeee:82021 86 trst St arr 823 ol Gudlishewssas where i

schematic for an up flow multi-bed reacto tem, generall tg_}eSi nated
oS R i BT U RGPS A GARCRS o MR 08 TERB e oo Fcrogen g
cantrGitpteby bigdropedssugesef Hi6gasesamehmiredetbrtifiresh feamsiotkat the top of
3@9@0&?&?&(?&%%&%@ leh 34409 géﬁo&}a%gsf %ggégéﬁ&% ReE¥EIEona
reacted product 3556 flows into second orifice 3406 an
reactor orifice 3507. The rate at which second catalyst bed gases 3505 ars removed fom
through second reactor orifice 3507 is controlied by second vent valve 3530,
The pressure of excess second catalyst bed hydrogen and light end hydrocarbon gases,
35035, are monitored af second pressure controlier 3510 which i1s gbove second catalyst bed
3520, Ifthe pressure of second catalyst bed gases 3505 rises above the desired gas pressure,
second pressure controlier 3510 will signal to second hydrogen valve 3450 to decrease the
amount of hydrogen to second mixer 348C. If the pressure of second catalyst bed gases 3505
drops below the desired gas pressure, second pressure controlier 3510 will signal to second

hydrogen valve 3490 to increase the amount of bydrogen into second mixer 2480,
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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 through first mixer inlet 3424
where it is combined with hydrogen 3432, which enters first mixer 3420

through second mixer inlet 3428. The%ntity of hydrogen 3432 is
controlReswssd Pdiist Aok TRAsioE MG chaousl chaetopaiislp444. Reacted

eﬁeleu&té‘@miﬂag&ﬁﬁﬂ@ %M@éﬂaﬁ%mﬁfiﬂ&@mm&mme i(;t is split
outlet 3426 and flows into reactqr.3440, through reactor iplet 3 . Insi
R T TR B o RSB SABE, o3 2 g Bt

- fusficatsiyst abrb3A4G0 veherd firodact$ 556 whayichad s eaomglsplit area 3540 through

[ t/ L 2 '
e g e s

ardomnuiziesvifeied skt eRaubsHt aremtahfst bed gases 3445 are

removesidorn BRstRL3AARBRHS BifiEs! veactakerition 3444 Jhesate Rk usein a
which first catalyst bed gases 3445 are removed from reactor 3440
%@%@1@1&*{@& bythe

tAPSGHOBH RIS R RY G PRT S EMERAES 3 4767
piesSeramitexeassofiritoatalysipoest oy drege A Gid Highiendidiytondae)oDA2, and an
gases, 3445 nonitgred at first pressyre contraller 3450 which
O Y LA B MM e
30005 riset piey gethe A08Sirad gatgpibestihel diest lpressurs. dSRtiotier8aEg catalyst
villsigRal émékéy&!{ea%g«e%&é%@,qgarﬁgaastn@émount of

hydrogen to first mixer 3420. If the pressure of first ,catalist bed gases

3445 dropEs P Hise 405 b dred g AuaBreis e SR RSUEHIT St rotfelower Zone

Wh ; itk ﬁ%ﬂ}b@f@ ﬁWﬂ'Wﬂﬂ@'Wﬁﬁ?ﬁﬁ?{i@@&j@@&ﬁ%ﬁdﬂ@w zone
rogen into first mixer 3420. First cat ed prodyct 3446 flows, |

Rl AL o R gy A

with hydfiig s 8483, avhicimetiteis seoditicheriixme B4 86tHtpressgte fourthilers for use in

mixer inlet 3488, : ti r 3492 is, .

e A SO e R RS WS PSP by e

saemRETREr B4euotHRNGH caEnREcaiEs T el BADETaR T iRies WftsGgh?42, and an

S%ﬁg&%ﬁ}ﬁ?&&@@ﬁ%ﬁ%@%@%ﬁtﬂe f@%@&% célx%{éfbg%tﬁéyﬁwﬁ?st bed, 4260,

pro uct rogen reacts Secona c tayst e roge as a

ARG OO A8 B R i BERF oo b ied Bllowed by &

asetundilaiel adt the taprof coenonsd edtalysyhed8620 4B8cond catalyst bed

gases 3505 are remaoved th second 25 reactor orifi :

o e S e ST B o e e ahe B0

sétodeiratewioayfics 60T voraréhed mn%@‘mgcgmﬁ%ﬁ/@@%ﬂgqiﬁemﬂy larger

PRESRYERQ, ﬁé?@&%ﬁﬁﬁﬁﬁsg SRiRlsihes fydraagniang-hght end

hydrocarbon gases, 3505, are monitored at second pressure controller
3510 Wfﬁ’éﬁﬁ?&ﬁ%@éﬁﬂ?@é&fﬁ%@b@a’mm the pressurs of gases 4225 in upper zone

42720 at a predetermined pressure. Vent 4247 releases gases 4225 from upper zone 4220 at a

predetermined constant rate. Vent 4247 is regulated by vent vaive 427C.

Mixer 4280, comprising a first inlet 4284 to introduce liquids 4235 into mixer 4280, 2
second iniet 4288 to introduce hydrogen into mixer 4280, and an outiet 4286 leading té
second catalyst bed 4320.

The portion of reactor 4200 located between mixer 4280 and reactor outlet 4244 is
divided into two zonss, an upper zone, 4350, containing gases 4355, and 2 significantly larger
lower zone, 4360, containing catalyst bed 4320 and liquids 4365,
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3520. If the pressure of second catalyst bed gases 3505 rises above the

~ desired gas pressure, 30 second pressure controller 3510 will signal to

second hydrogen valve 3490 to decrease the amount of hydrogen to
second mixer 3480. If the pressure of second catalyst bed gases 3505

A e T

will S|gna o secon rease the'amount of

HytRateprinie saiortinbtarc3 AB0t 48R ederess BrERRIGISITOBIPRFTERRESS0 at 2
344 e reRcianavl IRt ReAsiaskBrpsvat ARG gy into

Second split area 3540 through fourth grifice 3542 where it is split jnto two
flows, SpREFEEERST BIEHBEPISY. RTeFoexHE SRR HRESHY e dngap Propase,

thaueH) afﬁ&ibz%fmé‘és Kithantie® ailated tecibdipto Hydicdahonwlightelitiilates,
sec I 540 thro S|xth ori 3546, Re eac

RS e O R R B e R A SRR product,
mm@lﬂéﬂcatrmis@m«{é@r@d@@ﬂ@@ﬂmms a schematic for a

single bed reactor with a level controller for use in a down flow continuous

Ii%uid ghase hydroprocessing process, generally designated by the
. Reactor 4000 is composed of vessel 4010, having an inlet

OrificedAQééﬁ ke ﬁa&:@ﬁﬁ%@&ﬁi@:ﬁpésﬂﬂéﬁ BedntertafligsctaieORdges, Tubes,
twQ zones, an e 4020, ning gase
s og m%ﬁé%%&}sﬁ ST A R A AL e Tk g Ao
c@mm&ﬂt&&mwmm 4ﬂﬁﬁmgﬁﬂa tmpwti&tt@@ﬁeiméiammhuﬁﬂssel fuel fo
is Used to mainfa it
S SHIECILTRGEL I RN SRt S A Bt
upmamzdrt@t ydrocayhere b@ﬁ@@%ﬁ%@@é&ﬂé@a@iﬁ%"%@%@ﬁb’
regMISHRA YNGR NIV Ain filGae hEbRIROWE ﬁl%f@ﬁi@rf%éaﬁﬂuﬁil@@}ﬁé outlet

reactor with pressure controllers for use in an uap flow contlnuous uid

oREBETRGHER SP3FB EcldkiPty o 5eele Gefhes e g RatenPRy Briatirgh sy ccomplish
420Q4Reactartb2@0 is composed of vessel 4210, having an inlet orlflce,

4242, and an outlet orifice, 4244. The interior of the reactor consists of a

first catalyst bed, 4260, 20 composed of catalyst particles 4262, followed
bEXAMIREEZ280, which is then followed by a second catalyst bed, 4320,

composgq.of CHRNADANEILS 832 0r JNSPONIAAALISAGRNARA0OCRIRHS, waxes,

between reactor inlet 4242 and mixer 4280 is divided into two zones, an
upibes. Zie, athe ks othmitngiydrasrhabisd ol sy ERfFRmea Iy 4o & FiGRes sulfur
Zgnenid3th eRNiBiningacaialysidaed 4Rha0xand iguidsrR35 (2R e st Bydrogen
controller 425 sed to maintai 52 ressure of gases 4225, in upper,. .
g e R e e T o o e
fresiraxabfeondche g2 pappiedetarmipedcenshnhydtec Wemtsd R Gstillates,
re:%gk%%g&@ééf%@@“ﬁ%%@y hydroprocessed stocks, or combinations thereof, A tubular
reactor operating at 620K outlet temperature and 80 bar with a recycle ratio 0 2.5/1 15
sufficient to provide all of the hydrogen required and aliow for a less than 20K temperature

rise through the reactor.

EXAMPLE 3
A continuous liquid phase hydroprocessing method and apparatus as described and

show heretn.
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Mixer 4280, comprising a first inlet 4284 to introduce liquids 4235 into

mixer 4280, a second inlet 4288 to introduce hydrogen into mixer 4280,

and an outlet 4286 leading to 30 second catalyst bed 4320. The portion of
reactor 4200 located between mixer 4280 and reactor outlet 4244 is
gividegirtg two zones, an upper zone, 4350, containing gases 4355, and

a significantly larger lower zone, 4360, containing catalyst bed 4320 and
liquids 3¢y ImriorasingasBivtolisr MBI s GaberBPR e &ha Tice pravsmpand/or

Ak aRse s 4 BREIBHMPRRRESHE 1RDR:A1a RIERoieIBiae d 1Y 8SVeHE oNV@Rlent in which

43Q7 release ses 4355 from upper zgne 4350 at a predetermined
é’f‘i’ﬁ?&t@‘i\g&ﬁy& ?@E&’Fa%@%f} alve 4330. In accordance

with the present invention, deasphalting solvents include propane, 5

md/or pentanes. Other feed diluents include light hydrocarbons,
es, naphtha, diesel, V GO, previously hydroprocessed stocks,

recyclethpyarmrieck eebprodireeinitsradiioedp fduert iy celpeted Tumibagseny of

- RERYGLoRnthe lken EXAME R0 A deed aRISEISchi UpnthesGIouR, Qhphtha, diesel,

etroleum fractions, distillates, resids, waxes, lubes, DAQO, or fuels other
RSP RESEP R N HyretrEsHHRs B SO RIBHIRHRRS BifeR and nitrogen.
Approximately 200 SCF (5.66 m3) of hydrogen must be reacted per barrel

g)%ﬁﬁh%lgl to make specification product. The diluent is selected from

propane, butane, pentane, light hydrocarbons, light
distillat®ss Hapnthia 5 dless Wwiad prefdebisipead ecteddropr Soegsed efobkpeupleum

GomRinations.i %%f&] delbrar feacipnopetating.al GARK aullek: wie.

temperature with a 1/1 or 2/1 récycle to feed ratio at 65 or 95 bar is
sufficient to accomplish the desired reactions. EXAMPLE 2 20 A feed
the group of petroleum fractions, distillates, resids, oils,

axes,  lubes, DAQ, or the like other than deasphalted oil.is hydrotreate: X
Bt 620 TORSVS UM e PO A CLRET A OR R g Aei of Dlndiog

A oxiresitlyet ) SEnERY 8. 8B ek hytkingewitrinpihecresstatipercactor
J%eﬁg%ﬂu%%%%gggpane, Gfiged %Qtﬂé%gﬂlcﬁﬁg&%gd r@@B te or remove

b:@%&%heg
select om the grou utane, peritane, li ocarpons,

i sinazes, PuEmuRtis (e B OGIBREVIBUEIJOR JeRiss HbEseaiel reduction or
stagksOr combinations thereof. A tubular reactor operating at 620K

outlet temperature and 80 bar with a recycle ratio of 2.5/1 is sufficient to
provide all of the hydrogen required and allow for a less than 20K

tempeEiEe rise through the reactor.

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).

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

supercritical solution conditions so that there is no solubilify limit.

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

upstream of the reactor,
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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
and/or flashing the hydrogen and the oil to be treated ih the presence of a

. %@i%g% 9 diluent in which the hydrogen solubility is high relative to the oil
ee

PLE 5 The Example 4 above wherein the solvent or diluent

is seleéBHdEHPeREWhdErotr sy innapinisheprbpdmesivetahadiseradad, or the
st byskacahons: lobhdistilatas sanbinaydiesehnyGRaRrexiously

hydroprocessed stocks, or combinations thereof. 10 EXAMPLE 6 The
Example 5 above wherein the feed is selected from the group of oil,
EStrOUERIIA Hfraction, distillate, resid, diesel fuel, deasphalted oil, waxes,
lubes, %nd the Illégs EXAMF&{_E 7 A contin Nuous n%wd hasef
hydroprocessfn‘é met Or(lzlls&)l}lnpﬁsﬁnn%r?he ps of e%%rncess fee 8 wry
dtierationganlrdenepitipstitucinivey smipdiuvbayioh mlmgia%améaﬁamm with an
RRRRACDG. N faRdld A@%ﬂtqﬂx@%@ﬁm%&%ﬂ%\é’m&&%@w& i

reactor to saturate or remove sulfur, nittogen, oxygen metals, or 0
%ﬁ%ﬁﬁ%ﬂﬁé“bﬁ?ﬁ%ﬁé@@%ﬁﬁé@a@%@ﬁ&on or 20 cracking.
EXAMPLE 8 The Example 7 above wherein the reactor is kept at a

00-5000 psi (3447 kPa - 34,473kPa), preferably 1000-3000
- 20,684 kPa). 25 EXAMPLE 9 The Example 8 above

furthermmmmgmkamppm@memoommmimwm one
SRS A0-RALI0E! B3R Sl e HeTHall: ﬁg o0t o

ing th
Example 9 above further comprising t emoving heat from thee -

| r@éﬁ@rﬁem Mﬁ@@ba}’@ﬂ@l HASiansThomiBé feaitad raeed frlapproximately

RRCHBE the (Gtae 0.2 BAIM 1P2) and mixed with hydrogen, approximately 900 SCF
(25.4 m°) Hj per barrel 0of DAQ. The soivent/DAQ/hydrogen mixture is heated to
approximately 590K-620K and contacted with catalyst for removal of sulfur, nitrogen and
saturation of aromatics. After hydrotreating the butane is recovered from the hydrotreated
DAO by reducing the pressure to approximately 600 psi (4137 kPa).

EXAMPLE 14

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

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

EXAMPLE 13

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

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

poisoning in cat crackers and hydrocrackers.
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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
process of the present invention includes catalyst in relatively small tubes
of 2-inch (5.08 cm) diameter, with an approximate reactor volume of 40

: , and with the reactor built to withstand pressures of up to

about enf#3000:p3t RQ41BAKEBackhE ¥AWR el vam ARS8 CF (6895 kPa) H,

deasphalting process eight vqumeg of n-bytane are contacted with one

BRSBTS BT HIECH RS BYHTBFRPiEe product
retinyel) agdthessadivent igtdhedirrspinitecth ol (FAGIIHE) 30l 200HQ1 3,789
iX | dt imatel -1500.psi (6895 kPa -10.34

S I b R PR 3 R e S ko

FERAOETHe solvent/DAO/hydrogen mixture is heated to approximately
590K-620K and contacted with catalyst for removal of sulfur, nitrogen and
saturation of aromatics. After hydrotreating the butane is recovered from
tﬁ&@@%@é&ted DAO by reducing the pressure to approximately 600 psi
(4137 kBahoROrEeKAMB: B M iddleast-an ecatibeng sirpalemehoytin wax is mixed

S g o e B R A
ipveitibms ditdshawi g hedeactons ibeing the samipsort iR (SRR eapb2e00 psi
t@%‘?‘?@?%ﬁ% %‘r?‘n%%o%‘éﬁﬁé‘&g?g@ﬁé%%% ?éé%eﬂb‘ﬁ% oaﬁ%‘%* (-RE0, v1 of 140.

reactors, wherein two or more cata s” are placed’in a single reactor
in accordance with the present invention. EXAMPLE 15 Further to

Examate 24 above, using multi-stage reactors to produce specialty 30
products, waxes, lubes, and the like. Briefly, hydrocracking is the breaking

of carbSHLRATERIH I VARG R FATtRRS m#&%@%&s&md@d
cethorscadion honts) Hydeptemetalizatied isithentesiausl of rmetads, demetaled

ussally, Trom vackiunn Iower oMok A33sRIAeHal A9 BRI EARMEE product
contained 3 ppm total metals.

Generally, Fischer-Tropsch refers to the production of paraffins from carbon
monocxide and hydrogen (CO and H; or synthesis gas). Synthesis gas contains CO,, CO, Hy
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, aimost exclusively
paraffing, from CO and H; over a supported meta] catalyst. The classic Fischer-Tropsch
catalyst is iron; however other metal catalysts are also used.

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

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

A two stage hydroprocessing method, wherein the first stage is operated at conditions
sufficient for removal of sulfur, nitrogen, oxygen and the like 1620K, 100 psi (685 kPa)],
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poisoning in cat crackers and hydrocrackers. 34 EXAMPLE 16
Hydrocracking: A volume of vacuum gas oil is mixed with 1000 SCF (6895
kPa) H2 per barrel of gas oil feed and blended with two volumes of
recycled hydrocracked product 5 (diluent) andpassed over a

@%9Chan 2000 ‘i kPa The
rocragkkwgq %Or% uc con}t:r>i percag?ft aﬁgp 0‘(6 percent 3|etaé? reactor is
mmemmm@mfmﬂms@muzmn A volume of

feed containing 80 percent paraffin wax is mixed with 200 SCF (5.66 m3)

H2 per barrel of feed and blended with one volume of isomerized product
agm% passed over an isomerizing catalyst at 550F (287.8C) and

2000 PSThék3e6eR kﬁa&iﬂ@ﬁzimﬂaﬂiom@laﬁ&hﬂa@ww pegtef 30Rditon to
and a of 140 ()E;&MPLE %ro etaliza n A volume Oftact d
é’ c%r%‘falm VAR STArS 78 Biehdé Yw.ﬂ%%%’ %B@if‘%ﬁéﬁa‘)’n €

I—m@@r'fbmal ammwmmmfmammmduct

and passed over a catalyst of 450F (232C) and 1000 -psi (6895 kPa). The

product contained 3 ppm total metals. 20 Generally, Fischer-Tropsch
roduction of paraffins from carbon monoxide and hydrogen

(CO anm(%&e@émﬂmrﬁe@ asht %é@ihﬁ@@f%seﬁ@lﬁ@@%?@ wﬁa@eﬁ Zhdidhntity of
IS e source rnm coal or natura

R R B e S BB A R BB e it of e
pioglifcfscdiiméristhivgaopschuvsynitesistdd heidrisdddiioanthydrogen mixture in the

y&r&&arbons almost exclusively 25 paraffins, from CO and H2 over a
supported metal catalyst. The classic Fischer-Tropsch catalyst is iron;

howeveTeriiehnthr dameirs trerersonisbaldsprudbistomeldhn qatrivie bed in the
usedde RIedusaRRIRe, chevucalAs e A PRIl SeahelsicalitaldBacior rises or

these are not Fischer-Tropsch reactions. The technology of the present

NP ioR 2EaRNb et RsEP BSE ARg R R EpTCE BER HETE D e Gkt lower or raise,

cesspeaesis ustbie mpfenied:R3hEamilie gas phase to the liquid
phase for reaction on the catalyst surface. EXAMPLE 19 A two stage

hydroprocessing method, wherein the first stage is operated at conditions
siHAdRIBEEmMoval of sulfur, nitrogen, oxygen and the like [620K, 100

psi (6891'?1:)%}130@% asTecited in at least one of the examples above, wherein the quantity of
the liguid feed/dilnent/nydrogen mixture inside the reactor is controlied by the pressure of the
excess hydrogen gas and light end hydrocarbon gases at the top of the reactor.

The pressure of the gases at the top of the reactor is held to a specified pressure
appropriate for the parficular application, with respect o the feed and the desired product
specifications. Asthe pressure of the gases at the top of the reactor increases or decreases,
the amount of hydrogen added to the feed/diluent mixzture 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 impurifies from. lube oils and waxes at 2 relatively low pressure and with &
minirmim amount of catalyst by reducing or eliminating the need to force hydrogen into
solution by pressure in the reactor vessel and by increasing the solubility for hydrogen by

adding a diluent or a solvent or choice of diluent or solvent. For example, a diluent for a
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after which the contaminants H2S, NH3 and water are removed and a
second stage reactor is then operated at conditions sufficient for aromatic
saturation. EXAMPLE 20 5 Theprocess as recited in at least one of the
examples above, wherein in addition to hydrogen, carbon monoxide (CO)
iﬁdﬁiyedt\iw'tﬁéd&éfﬂywmgedihﬁﬂttfw iﬂighﬂmiﬁmn%eﬂ&wﬁbver, while using

ischer-Tropsch catalyst for S nth hemlcals
i‘iﬁ% § T B%%ce%gvfs ré‘él eéiSD %g"f least gﬁég??% Y )fgcrﬁs gf the
ghess] neram, tmeqepamhwm mﬁhmﬁmlummnmwgmnm&hvémgw m
IgSige HNeARAG) fﬁm{ﬂgﬁ%%y& é@é’ﬂéggﬁ@ﬁﬂéﬂﬂﬁ one can reduce cost of the
r

feed/dlluent/hy ogen mixture and reactéd liquid

FRESRME EPIRL A GENRARALYT themrdkintss e ErsrSarbthesRIsTiHRR cost

reaaier ismmm Hhectep dfitheratabistbaibi) she nky veadleraiiminate the
mon daki a level con troller. As the level of the liquids in the reactor
rf%ee a%gngﬁgu § cSH?y%srogen added to the feed/diluentmixture is

ad i usteddirhdughdh@pmw ofebqammélmmeve&mbth@hmﬁds ¢anthentional

ﬁ&%@’ﬂf&@ﬁ&rﬁn{% GyRGRs ﬁﬁ&é&%‘&ﬁg' éﬁﬁafor

esa e quantity of the liquid fe&d/dil uent/hy rogen

maﬂ% PR FERBIBICIS HantrBIR O P e SRERE Grina AOMEST eagicsgipment,

hydragemoas ancdgbtandhydiosaibengasay abibe e %tﬁ%@@cm jower
The, press ée of the gases at the top of the reactor is held to a sp

PPESSHTR S SFO AR Tt B A P BT RERBR AT R B ﬁ&vmviﬂusiy
fegdrapmiﬁmammpfmﬂ.lct 25 specifications. As the pressure of the
gases of th r increases or eas

aﬁ*ﬁl (ﬁ\% %Eferé n}tl VT I oL f § o%fl]t %mc {%%ﬂélﬂd be apparent

hydrogen Ad uste rease or

irferéase sk-t&@b@cﬁn@@hy ,thhélqdﬁetsm@mmﬁé @a&w@ﬁcm@hbdwme%dmes and

InReCRraARE IR e IR RE BIRVER ISR, AR PR Y ALRRERERSH NG is
30 hydrotreating, hydroflnlsﬁlng hydroreflnln%rand/or hydrocracldng

pABBESS erRPRFRSe o oA RS TSARER A ST AR RES SR With
atiRl st viav pressidre and with a minimum amount of catalyst by

reducing or eliminating the need to force hydrogen into solution by

pressure in the reactor vessel and by increasing the solubility for hydrogen

by adding a diluent or a solvent or-choice of diluent or solvent. For

example, a diluent for a 36 heavy cut is diesel fuel and a diluent for a light

cut is pentane. Moreover, while using pentane as a diluent, one can

achieve high solubility. Further, using the process of the
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present invention, one can achieve more than a stoichiometric

requirement of hydrogen in solution.. Also, by utilizing the process of the

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

use catalyst in small tubes in the reactor and thereby reduce cost.

Further, by utilizing the process of the present invention, one may be able

to eliminate the need for a hydrogen recycle compressor. Although the
CLAISess of the present invention can be utilized in conventional

equipment for hydroprocessing, hydrotreating, hydrofmishing,

hydrorefining and/or 10 hydrocracking, one can achieve the same or a

better resaraiRirgrwwentomEgifpifaieste Areeresergpasysiem, wheren

COMPregsRis rafét m%|%Q:!Rig@c@i&Q@WSd%r%tr@Q{Qﬁ@MﬁaﬁyﬁV&%me to

et RN N e e S

been showas mmm&yasbhqem itsifiromsylit shodddenappére ritudbatoimose the
skilled {g fhe At IDakitis '?Qééter"@Hﬁ%m?ﬂr&b's(ﬁﬁii‘:@@&é’éﬁ r’i%%%'%“ﬁap and a

changes and. modifications without departing from the scope of the
inventiGRUABE PR GRtaly & b&ﬁ;ﬁ@ﬁﬁé}@@rﬁ%hﬁf@ﬁﬁémﬁm&' Femajority
construgddaioachssnd qa)ammnmerauewsmeﬁmﬂ@ sheigariewitithaydrogen
'nvent'%s%?vcc!‘ﬁly %njf rC tsoar!éo\geasc uo S lé)%u'd Dggsef said vessel
ydroprocessing sys em, wherein liquids réac with 8rogen isSSVedin

the liquedieriea &@WB@@E&%&@L@ ERPAS dotsUSRifliRS Sekdes 2 9y ihdgaielly
gas, aﬂQd‘iB@ﬁ%dd@&@f@&%‘%@@a%a@&%@4%%{%iw&@%égﬁﬂﬁigﬂ%b/sé%\{@ds
to minimize flugtuations mact{he te r ture, §f the regﬁtor com ns@rl1 "
avess&%‘é?\%ﬂéf}?t%% V%& 65 SRS Bl %i“

particlesadiich fifuad niajeity safdsaielsse‘ss@ (@) uetrtd alleisra mixauyesdfthe
quids withipyCpgeiliRsolandnRER o etel S8ILUESTRL (FhA0 RRBgen

zone of said vessel adapted to temporarily house gases inside said

vessel; 985 B¥%IBEBaSIRIpT iS6HBRRIRY I8V eRTONE ot AV PesEe AR iCuSRIC
tempormﬁy@bo@ediquid&o suﬁwmdir@(se@d camlystheddnsidessmddight end
vessel, (0. ag. gule! 10 allow said. reagted iain g extanid yessel.(0) 8.

control System to adjust the quantity o iqui e vessel of

adjust pressire Mawﬁetﬁy@ﬁb@éﬁﬁ@@wy%@feagmge@wa@@@asvﬁgaﬁethrough
amounggidhyshogen added to said liquids; (h) a vent to allow said excess
hydrogen gas and said light end

2. The reactor of claim 1 wherein: the inlet to the vessel is at the top of the
vessel.

3. The reactor of claim 1 wherein: the inlet to the vessel is at the bottom of
the vessel
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hydrocarbon gases to leave said vessel through said top of said vessel;
and (i) a valve to adjust the amount of gas leaving said vessel through

said vent. 2. The reactor of claim | wherein: the inlet to the vessel is at the
top of the vessel. 3. The reactor of claim 1 wherein: the inlet to the vessel
is at the bottom of the vessel. 38 4. The reactor of claim 1 wherein the
control system has an upper zone of gases and a substantially larger
+‘?W€r ﬁ%%ergéé'%%"g?ééﬁ”o%'%%@%% &maetac'é’ﬁ%ro‘?%mﬁgﬁW%&a%r?qupg%% of
Ocated on sal reactor,'&)) means for sensing the quantity of liquid In

said re@r368; @)chs isdkEestirdadrigeobeaine & aim Sal@denshavegng @
(d) meags fRe cANBRERG $aidindiaates: Isastingde sndndicater @onrlate)or
a computer to recelive said n}dj,cat r sign@flt;\x%r?ea s for transm'ttin?etk&e
indicator Sl 6 SHHaUEMButE )" a8 %?frolﬁ)aﬁp kL s N e
indicatobtsiged|feod saakeeradjgstraents ldasezbon Saidomadigatgssigadiqhlor
means{Qerverind Rad: adpimerts %Bm%%tm%@g@%@ MGERr

for transmitting said adjustment signa a hydrogen control valve,

locate'@patr&ameaim 'Saipreatiig Wisdhdirisane dmagidigmeuter (9)
hydrogen geingratmeteacioto feptirismeans foivtespratimgethand make
adjustment signal at said hydrogen. control valve: e . .

oA At et ety S e JERI o cai
5. The adinstoeistem of crifivsimenereinahelindnaaos JartHeeneaibngs said

liquid leyeldpdisatargfaiThe sanarbsystepmpbClaived wWhekringBeeam from
indicator on the reactor is a . gas pressure indifc
said reactor, which adjusts the amount o

ﬁt%r. 39 L

ydrogen going into a reactor
feed; (k) means for interpreting the adjustmeni signai at said hydrogen
control vaive; and (1) means for adjusting said hydrogen control valve

based on said interprefing means.

5. The control system of claim 4 wherein: the indicator on the reactor is a

liquid level indicator.

8. The controt system of claim 4 wherein: the indicator on the reactor is a

gas pressure indicator.
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