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HYDROCONVERSI ON PROCESS BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to the
conversion owovsay: 5  hydrocarbon stocks, particularly 4 . 53% ai ni ng
sul fur, nitrogen and netal contam nants to provide good yields of
not or gasolines, jet fuel (kerosene), diesel fuel and distillate
fuels. Mre particularly the invention relates to a hydrocracking

conversion process wherein a hﬁ@yg(oé&gﬁhgsqo" %h@égs si mul t aneousl y
cracked to a Ilighter boil g Ero uct drogenat ed to prevent
formation of undesi rabwa%—] F -e-m%%— More particularly

t he i ngigldief ¢het gaventdopr ocess wherein the hydrocracking

and separation Gind hieslebt ?ﬁv@ﬁ@%t&fart%@ rtgetﬂgagélwezjﬁion 'Yye B%g%fd

mat eri al _occyr s, si nul t anequsl in a
rimﬂ

Rel at ed Tnf orBi55RTPOn  stocks),q ‘f?d‘ér"&f“ §l¥oﬁ5‘PFFoﬁé’“Félmt1ﬁE SU1furr
hydr oconver sirgitrogen agids gledsdd domtidm$naRhs . tbloprbyide, gbbdf piel@avys

hydr ocar bon t uc ol car sidu and the
y 3btorst GRABRinesUChiAS REbL gwg&aég{e gggséf &g

| i ke, conpri se a, ﬁ rogen artlal ressur out 1
about 3000 p& &80\’;83 8n alerggREhigrlaglydhe 1“V9"Féﬂperaietes of

about 700[ er rqcF a hyabmetra8%Ghgr chivensiem ﬂul-&ésm‘ whereinOalneavp Peé@rr];
for hydjgcar tg%die shil | é&ﬁéx@aﬁa’amge”c%%ckeaa% al g%l%mf 3 a;u}gout 200

psia to about 3000 PSI a, .an aver age cata 18¥ about
600[err]F. tPEAHEE and ghydrogem an ?;HS?FBYeUt4 tf@r@!artrl[mr]of

The purpose cindesdreblackinsgtusated peogipaends .NDr Bore paﬁ‘ﬁiﬂ@i&ﬂﬂ'éﬁé' late
pr oduct whi Ch.l'lblglnltg.ohn Ml%tlégng:% Oé ﬁpoc @OH ﬁh gggﬁgra{;}kirg f uel

separated into a gasoline Titist
fraction (3564 p%’ﬁf’)l ony of egﬁ? fJ'F&EFF’Bn pregyc SO)fr(?F“ &he gheavntert i ng

oi | 15 (50engFerked Thatevial nocowrrmesimfl tinecdsifeinanh pLeHUC Stion
overlap as n%qqmnBiSeactorThe advantages of hydrocracking over thernal
or flui e efl atalytic cracking is that a nore stable pr oduct
I s made. Ki and diesel are particul arly
benefited by t hBheedopEirating unsentdittiends for the hydroconversion

disclosed in U.S. Pat. No. 5,100,855 for heavy hydrocarbon
20 streams, such as petroleum hydrocarbon residue and the
like, comprise a hydrogen partial pressure of about 1000
psia to about 3000 psia and above, an average catalyst bed
temperature of about 700°F to about 850°F and an LHSV of
0.1 to 5 hr-l; for hydrocarbon distillates a hydrogen
25 partial pressure of about 200 psia to about 3000 psia, an
average catalyst bed temperature of about 600°F. to about
800°F and an LHSV of 0.4 to 6 hr-l,
The purpose of hydrocracking is to produce a more
valuable distillate product which boils in the range of
30 about 115-650°F which can be separated intoc a gasoline
fraction (115-400°F), a kerosene or jet fuel fraction {350~
450), a diesel fraction (400-550) or a 1light heating oil
(500-650). The boiling ranges of the different products
overlap as noted.

35 The advantages of hydrocracking over thermal or
fluidized bed catalytic cracking is that a more stable
product is made. Kerosene (jet fuel} and diesel are

particularly benefited by the reduction in unsaturated
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2 conpounds. Gasoline boiling range material from a
hydrocracker, while low in octane, is particularly sui tabl e as

feed to t 9%%&{n ng units because of |ow sul fur, r%(?‘ré‘gsgglnﬂg‘gd ol efin

cont am nan A conventional hydrocracker is a se ds in a
verti cal react or with the charge being passed downflow in concurrent
flow wi th hydrogen. The reactions taki nge pl ace are exothermc,

resul ting |naten§eratur ture i s

5ok B8 ang B o RS
control | ed BY™PRB&Hai ti 0P 35F¢BFd ﬂ?drﬁ%’é‘ﬁ quEh wddfealh bed.
In U.S. patlemirds:teﬂ:kem Ghile etlew pibpoostangs ocikss partimpariyed at

about 300 P&k Od11 S30R8 qeem apd lehah :.*B’ﬂmﬁ% unitPbbthsd! BESYoHS for
concurrent h‘}/dro roceSS| n% 8 di still ation of heavy petrol eum st ocks.

Essenti al | y® 2Png; elefin eopFapdDants.oncurrent distillation
and 5 hydrcrprooagentlgonﬁlthgdhma/c)sezocks Rorsdrfiesstahdpeds higha

pressure tyeatiy Lubedy Qs agld r\E.C.harc_;e H&ind a&ﬁ.%ed)fdownflogorlﬁ' tions
is fairly consistent vgthth, priqr processes Chen e

speci fi cal | §PRFETREe IHYFF@”?G“' afmﬁl E?ﬁ?EW“ir@%’&%?la&P 750 and
1000 psi g are hekbhthermicuneepettinlgrdaula témperssparent riwe byndléh'fchl I ation

can be ashi evied, highe e for a
col um cond%ctl ng reﬁ{rlatgﬁge 134“ éor&fﬁl sléquesba}{ [ ghe agdgﬁgnl EeJ | scI ose
how t 0achiBXAFedfth Fepsh besresR 6RFh P%rer ati ng an experi nent aI packed
col um for, In tthes s gaatemnss , 18, Gl64apchan, aetaasi pgdposd &gq:rfdo%‘sl% rat her

than a true, 0, o .

reactions ha %Héd e gbdoel\l/te %%%dpﬁﬁﬂp 5’0(?:66 ré)oén@tlpﬂ%? C,ﬁ}he c)\ré’teact i on
system are thééncBFPéﬁt‘!’iﬂsse;féﬂrabl"@"ﬁ’}‘raﬁt:| I P&@%’W%ﬁfgflghe angt al yst
structures distildatiion ldfatheavysipetebleas. stookS. SyBésemtially, arcaedescrl bed

s 4 0 filadie shelnd'te neleit b,
addi ti on e§§1nga§§| dﬂ\‘?d hegvy  stogksnfor 4’—1’4?4(?%’9‘“‘15 h@s’i‘ 468,
5262, 012 preésﬁﬁé S¢freatdng, 348d71hydrscraxseimy.var i @he ofradgieal wt
structures {orq§Hisndse13nd (35814, NCOLARE &R PYo i e8I prior art
processes. Chen et al specifically disclose hydrocracking
20 at elevated pressures of 750 and 1000 psig with the
unexpected result that separation by distillation can be
achieved at the higher pressures.
Chen et al call for a column conducting reactions and
distillations, but failed to disclose how to achieve such a
25 column while operating an experimental packed column for
the reactions, which appear as a single stage flash rather
than a true distillation.
A method of carrying out catalytic reactions has been
developed wherein the components of the reaction system are
30 concurrently separable by distillation using the catalyst
structures as the distillation structures. Such systems
are described wvariously in U.S. Pat. Nos. 4,215,011;
4,232,177: 4,242,530; 4,250,052; 4,302,356 and 4,307,254
commonly assigned herewith. In addition, commonly
35 assigned U.5. Patents 4,443,559, 5,057,468, 5262,012
5,266,546 and 5,348,710 disclose a variety of catalyst
structures for this use and are incorporated by reference
herein.
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PCT/ US97/ 15128 3 Whi | e Chen
et al have obtai ned hydrocracking at |ower t han previ ous pressures
(about 2000 woied/1jpes Ppreviously been consi der ed necesg@dnysshpé128

hydr ocr acki ng), the present I nvention provides a process that
operates at only a 5 fraction of the pressures used by the general prior
art and bel ow t he | owest pressure projected by Chen et al.

SUMVARY OF THE IplVENT! Ehbn et a1l HHWR RSBSSHed MAIHdHAcking RO OF

t he hydr oconver si_on of heav etroliferous "stogcks conprising 10
feeding (1) atPdRr FFEYRPYEr SHESHY ang(m“ﬁ'l V2 OMbvRSAGoRas previgisly, o) e

above 650[ er rpéenndoh2}déyell ogeredsary dfst | hydtowmracking) ,cdihempressoitor ;
concurrently | ' I s lsation, c r.ea f eedi ng
L8y St fod!! $hldviakLOM C it ghg&pr%ﬁem es at é@gy %

sai d petrol eum stream i n erably reeding a
portion 8f safraetiprn@h the pressuresugedivofhespgnesal Briex art and

(b)- distillingebsi et Yot Mpebseare Wt Rint ddh®yechen et ad®. vapor ous

pet rol eum products ri sing upwagy L0 lgh [ enrrofli Stillation colum
reactor, an internal reflux of T : - wnward in said
distillation colThfa r®xasentindinventdanendishg pet PEPERH Hr o89EL s thiet hi n

sai d distill ahjd@Foconveradlon Mot eheavy, petroliferous st@prkeortafrirgngai d
petrol e strga i ydr o i S f o
hydr oco#\Bﬂer Si g‘?\é&%fngl i@t diSPeterrigglg“r %gﬂ-iera\ﬂt kgg%gé‘% 'g# a )ga%lgﬂvﬁ i4c°° . F
distillation Ee¥uexprle abovg §3%° X apfed3ir Bydrogenste mrdiffdul atdonpsi g,
preferably colum$ rddtaivr390 psig, nore preferably |less than 250 psig, for
exanple in the range of 0,200 [ hyedr n partial ressure in
the range of 1. Oc?rgc"}ré‘seg‘qll ariinﬂ‘.")‘-"gii‘gisatn%;l aa%gg’n Pé% _r%?%?teox?n t he range
of 400 to 1000[err]F,{ar cfeeddpgy sapd petrobempoferednr intiseraclfieed Fomei on of
Lh_el pet il ?Urar&irﬁég‘fféﬁabhy feeaskgd al Opiai"ﬂﬂsxea oP' Gt %kuxidd(égg; ﬁ_el awl It he
oi ling point_ . 0 i d.petrole tream an istilling
products in s%?’d‘%oqeulr?n%atsgfrge%rﬁgé %o’pfg: vaporous overhead stream
conpri si ng products(tﬁaiﬁpﬁtllllng said petroleum stream whereby there

are vaporous petroleum products rising upward through said
distillation column reactor, an internal reflux of liquid
20 flowing downward in said distillation column reactor and

condensing petroleum products within said distillation
column reactor,
(c) contacting said petroleum stream .and said
hydrogen in the presence of a hydroconversion catalyst
25 prepared in the form of a catalytic distillation structure
at total pressure of less than about 300 psig, preferably
less than 290 psig, more preferably less than 250 psig, for
example in the range of 0 to 200 psig, hydrogen partial
pressure in the range of 1.0 to less than 70 psia and a
30 temperature in the range of 400 to 1000°F, preferably up
to 700°F, whereby a portion of the petroleum stream is
cracked to lighter products boiling below the boiling point
of said petroleum stream and
(d) distilling products in said column to remove a
35 vaporous overhead stream comprising products mainly
boiling below said petroleum stream, and a liquid bottoms
stream, condensing a portion of the overheads and returning
a portion of said condensed overheads to said distillation



* boiling bel ow said petroleumstream and a |liquid bottons stream
condensing a portion of the overheads and returning a portion of said
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PCT/ US97/ 1@,})2!@? 4 react or
as external ?u>l< In addition to cracking the h%%ﬁ%?){ggfrol eum
mat eri al s, the process may al so be operated to renove sul fur and

ni t rogen corrpounds contai ned within sai d4 pet r ol eum st ream 5 by reacting
themw th h droconver3| on" is used herein to

mean a Xeit"gi‘y’f‘?%cfp?‘a&%f"?ﬁ&ag} 58 ¥ *the presence of hydrogen in
whi ch at |eastIn addition dfo rackiagytbenseavimmnpetaedeysksateriaks ecursors
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oil is conyerted ocarbon products while
si mul taneouEM}rP‘éﬂ%cFﬁBp?Hggs °°nE%+Fé%?1t‘f’hWH%: %?fcﬁ p¢ TorAtinds,
sul fur 5corrpbyntleactmg rtemstizthl hydrogenim nants. The term hydroconver sion

s under sgp na ﬁ@ﬁmrmﬂﬁ-ot{é‘awea HAEATS o Shedd o
hydr ocr acki ng rodes | za t|on enltro enati gn,
hydr oi sorrerFé*&ﬂ)S\Xul%nﬂr?‘ﬁ%s-’r | RRNAYyghed, ené’rF§ pRe pErhydrogenginied to

a process fehitheat eleadt an partdear agetlml lpzararconstitwengist agdinebigs avi ty)
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nol ecul ar \/\gygﬁ{‘{%&ait'éér{]a a%u%ed bgt E%‘g{- ac% I N QeEngggn%P

hydr 0d®n, FG"’G@b&macem%foulﬂ‘el oris r (GoM¥epbRd | Pt hAERTt h’é°h’o’r‘l§tul eis
br oken. hy&aeaﬂbd»ry Fmdsdimtaackwhgles pivcltoebuslya beauyings tid

fracti on whj g e met action
is limted an?ﬁﬁ‘é’f’ | onrfbolﬁ I n %Qﬁ‘é un g %% 183’5%err , Which
is a cl eaneﬁnﬁeﬁﬁt%kb’ék contaminan S TheDE'FAFE‘EDhDESERPW{N@: ™HE

| NVENTI ON  understéédiertd h@énedudet i such,0f hylieoteé=t Mtig C phpdessasveisi on,
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denet éllsl i zation are car g esent ‘i nv prinarily
di rect ed tohﬂ9ﬁ?b%‘?mﬁﬁjtl%raﬁ‘i‘gtﬂﬁl ke he Hydrocgpgkingy &5 okl \ies 3 on
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hydrogen is added to the lower molecular weight material to
20 saturate what, in the absence of hydrogen, would be a
double or tripie bond left when the molecule is broken.
Generally hydrocrackiﬁg is practiced on a heavy gas oil
fraction which has a boiling range above 650°F. Sometimes
the fraction is limited to the fraction boiling between

25 about 650-1000°F, which is a cleaner feed stock.

DETAILED DESCRIPTION OF THE INVENTION
Under the conditions of the catalytic hydroconversion,
other reactions, such as desizlfurization, denitrogenation
and demetallization are carried out. The present invention
30 is primarily directed to hydrocracking, during which the
other hydroconversion processes will usually occur to some
extent. The treatment of heavy hydrocarbon streams, such
as resids, presents a myriad of refinery difficulties. For
example catalysts having high activity for denitrogenation
35 and desulfurization also tend to deactivate rapidly,
because these catalysts have relatively small average pore
diameter (less than 200 A), which quickly become blocked by
the relatively large particles, such as asphaltenes in
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streans. The | arge average pore size catal ysts on the ot her hand,

al t hough exce{lggglt, Ut roleundeiBtdnd . Zat ity HQPBYI rgg, 8pes sx¥d Shel |
hot filtration solids, have |ower surface i;:g o n%enders a
| oss in cat al §atalystsqn the °t%&F nda| oBLEBR %‘F aﬁ’ﬁ? ke

catal ysts (su@amétalllzatmn f aceewseing poasphakeenast iangd c @pdilenttotand
the tike), — ei1d3HRlih AdAGRL, | AV T Clobb| aUBkTaca! Wil [ utidoNS

may be carrle I'n Si rjg The use of 10 cat al ysts with
bi nodal Pore €PIRNIRLR A Hﬁ’ﬁsoﬁ of"aﬁ?%\’é%ﬁ a°t1"1§9’st ens whi ch provide gradual
change in funct |w|st¢h|e seledatdpaci ¢f esapproprpatei cidtalystsct (supmarts,

el imnate ot h? trtace %st nee?ii&atm"% componen’r:.-ghE'alﬁr adid% Qley ,

arrangenent o not Ina single direction 1I'n the
t ower, since ’tlﬁ%a*:@éda%'ﬁa’?%%d in differepty W9yersee iple {fpngidons
catal ytic bedfapnthe heaeried arte lat ha owdmedad aonumuomwews oghi ch

Ty be 5ea! Clacarye@® LB itloasn Mol L SAEN ATRK b IS OO Gtk aocany

poi nt oTnts 1N {he co um, al h 20

in the pref er?bﬁt%}?ﬁ)od{m Ryardgen ‘J%a Yak o GhaBgepefBy functiqns 1 é‘é‘d (or
with the feedgapdcircienv ihe d opestimdtaal ySinction beani reltiminatkurather

The princi pal dgm?d#%]npttrteggmgxggoconver sion will be | ower boiling

material s sone are recovered 25 over head or as dravvstreams al ong
t he col um. | TR ngrading (peraxrafgenent 99t (e sRtalyshmged not
substantgal | yin a sﬂﬁquelfedti@echrstﬂtd( toser e simcet ithe (ffeeﬂattloOIthet he

bottoms will ?‘ge ca %au,gﬁﬁ{‘.e dﬁé ald yttfé)”%af’éél;pclc kbed%r QHAC e

sel ection of ucts can 3 l'ow su
and |ow ni t#@e‘PP%t%‘f‘F’aT%ad a“dTPP@ttm“ SEEeaNS st W icih (mA, lif‘orﬁﬁﬂ?@ﬁf’s from
Goup V, VIBayltéquited. s The hydrogen may be introduced at any point

in the column or at multiple points in the column, although
20 in the preferred embodiment hydrogen is introduced below
the feed (or with the feed) or below the lowest catalyst

bed in the column.
The principal products of the hydroconversion will be
lower boiling materials some of which are recovered
25 overhead or as drawstreams along the column. In some
operations the bottoms will contain substantially
unconverted feed stock, while in other operations the
bottoms will comprise totally or partially converted
products. By selection of the catalysts, the products can
30 also be 1low sulfur and low nitrogen materials. The
catalysts contain components from Group V, VIB, VIII metals
of the Periodic Table or mixtures thereof. The use of the
distillation system reduces the deactivation and provides
for longer runs than the fixed bed hydrogenation units of
35 the prior art. The Group VIII metal provides increased
overall average activity. Relatively small amounts of
cobalt present in a hydroconversion catalyst provides
excellent activity. Catalysts containing a Group VIB metal



of the Periodic Table or m xtures thereof. The use of the distillation

system reduces the deactivation and provides for longer runs than the
fi xed bed hydrogenation units of 35 the prior art. The Goup VIII netal
provi des s bEasRd overal | average activity. Rel at,] LR |
anount s of cobalt present in a hydroconversion catalyst provides
excellent activity. Catal ysts contai ni-n% a G oup VIB netal WO
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6 R3S I Go I h cqQbhal t .or ni ckel
are prefer% é",ﬁé}%@é% q‘\ %PMF ‘{Iﬁﬁc sh Sdr%%%anlvtergfon
reaction i mdicked éSSaPFe%?%fHenurﬁaﬁPéWeﬂts Sulﬁﬂlbﬁb%lenﬁmrandthe

ni ckel - t ungsidrdoonVees ieh atdactt org diriladey cobal t picBdsderitn, OxiigRE1 SUpPpoOr t ed
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rretalsma ther “rn use or to
sul fur3 corrmﬁmn@orﬂ%u Pxigest repperted on al\/b‘l‘%%@l’%lr basee sue| 98t s used

in prior arflulina, hxﬁirmfaa%huﬁﬁnaaxbzalas)e beikxeed imhel hfeti18S &y PHECESS.

The hydrocan | tal ysts _use in.the cataly di'stjyllation
structure &“\ﬁrﬁg gr e%’eﬂlerprbee%secaﬂrbgrmr t&ebﬁ?e&’ybye’f?fés‘ﬁ?pl tal
commer ci al swattirdcohppupd ceertdining strgamsnor gani ¢ oxi de support or any
ot her net hod HamﬁbﬁQa%5 sidpee TeddppstB thasadt . 1nTh PYUL VoL

di strjbutiqn d can.be. s l ar obt a Smal | er pore
si ze 1¢ ?‘Hglr&f/rgﬁbl lﬂ%’g HEIE e“lseE]e %% HioTsa5r
di stribution. ﬂ'heougy@mcqmmq’@e Qﬂt«’iw!ﬁlﬁ omeﬂ i &n the usetalyt @

The poroumsrta.fmaﬁkeﬁy sexidtaire € o taéunpﬁesen@arbro%ss cahﬂpﬁggnat ed
with a sol ut | Onfﬁé %‘ aqlg_Jeous cont ai ni,n at, deco
t

compound of° t%‘ﬁ“’“erc"agTﬂ‘gtﬁﬁgaP &H‘Prﬁgngﬁbﬁ%l t ed
from one s@lrutllmrganlsemme Support aqy enyerotived deétdrbdarkhamal ctoed.

Al terygt i venpskhax3deal RAr 4AA SrﬁUppﬁEé e %ma&%@r%ams&'ésw th the
nmet al den 03|ted as descrl ed 0 ated_in he gels during
the gelli n&e&é'ﬁd ’B’aﬁ ]chuf’ ﬁ?‘é'r ocoﬁvﬁig? H?g'f’al ?g‘?e may be
pr esent (bellpwt ROQ atAdl ymaxc diest mprat |1ad:e§.r{r Uk updsgaasbwiimpdal
distribution throughout the range of 10-10,000 A is
useful.

20 The porous refractory oxide, e.g. alumina, can be
impregnated with a solution, usually aqueous, containing a
heat decomposable compound of the metal to be deposited.
The metals may be deposited from one solution or several
in any order and dried and calcined. Alternatively the

25 inorganic support may be prepared from gels with the metal
deposited as described or incorporated into the gels during
the gelling step.

The particulate hydroconversion catalyst may be present
in the catalytic distillation structures as powder,

30 irregular particles, pellets, spheres, polylobes, or
extrudates of other shapes and the like. The particular
form of the catalytic material in the structure is not
critical, so long as sufficient surface area is provided to
allow a reasonable reaction rate. The sizing of catalyst

35 particles can be best determined for each catalytic
material (since the porosity or available internal surface
area will vary for different material and of course affect
the activity of the catalytic material).
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hydroconver5|h1n3'e:ﬂee'ep|cef-erred cat al yst structures for the packing

are those errpl owaw eﬂée ﬂ?érs%]pt hydreesméééwﬁyr&@f TRl %aﬁkigsé o

screen wre. erréed X rogen parti al pressure IS
70 pSi astr“ﬂ’ﬁ‘?eﬁr eq"@? abrg pack H?dlaé'&erf‘l}ﬂ%e( i P Inyidg, rehe nmore t he
range of abouwpeh &ttrnciﬁresoﬂ perrhenlle maeeprefesabéq&: wire. no nore than

15 PSiayg Pt Mo Utlled hanephaesg ! ghoethy es%u'}et ng &gggetnswsn 1.0
and 20 p5|a h droge artia ressure. B ressures are
al so unexpectRffa. Thigppreferahl s&%t%n?‘éfﬂgi’ﬁ?’éspm}a%ei’ﬁﬁ?m ihe

prior art the iMmMs abkouth2.boter2@resiarasl even more phE¥esablyt he

range of 1 t‘}:ol\%xtléﬁ?’ R dsgﬁ' %EQ oBtf,méi‘t ﬁéE&ité Chav B%%ﬁ ngaf.{il&?e of

0.2 to 20 L/D ( e catal yst | at e)
gi ve excel | ed® the Ianger s‘i’%%%oﬁv@ré% £Q (Rfder Shydepaen nbartiak

per centis plecsaree | ln'rhéne 1pwodistial hmirddsigrezboate 480861 Ithxﬁéégéd. .
hydr oconver si X e y t e S a
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internal reflux over the range of 0.2 to 20 L/D (wt. liquid

20 just below the catalyst bed/wt. distillate) give excellent
conversions (conversion is understood to mean the percent
decrease in the products boiling above 400°'F after
hydroconversion). Total reflux may be employed with the
products all recovered as side draws or bottoms.

25 It is believed that in the present reaction catalytic
distillation is a benefit first, because the reaction is
occurring concurrently with distillation, <the initial
reaction products and other stream components are removed
from the reaction zone as quickly as possible reducing the

30 likelihood of side reactions. Second, because all the
components are boiling the temperature of reaction is
controlled by the boiling point of the mixture at the
system pressure. The heat of reaction simply creates more
boil up, but no increase in temperature at a given

35 pressure. As a result, a great deal of control over the
rate of reaction and distribution of products can be
achieved by regulating the system pressure. Also,

adjusting the throughput (residence time = liquid hourly



"reaction products and ot her stream conponents are renoved fromthe
reaction zone as qui ckly as possible reducing the 30 | i kel i hood of side
reactions. Second, because all the conponents are boiling the

t enper at ur @(g‘s,lgﬁilct ion is controlled by the boili ngr‘gﬂ#{%ﬁ ohgt he
m xture at the system pressure. The heat of reaction 9 R eates

nor e boi | up, but no increase in terrperature at a given 35 pressure.
As a result, a great deal of control ove? the rate of reaction and

di stributiop._of produyct e I at png system
pressure. B\g Velo csgﬁlt)lbnggf%%sth%%éﬁﬁut %Pﬁéfggnc‘ék Pﬁé"&“ qui d
hourly dlstrlbumrggaqcygm a degree control of the side reactlons

PCT/ US97/ 15448h as ollgomerlzatlon. a further Benefit $TRAEE this
vel omty[err%% g*ves further, control of rlbutlor%and to a
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degree cont OF LAY (8 8ac£FSRs catﬂ%%% é‘s“s&i}gaﬁé??za{‘?on
furtheS beneashingaetfrrt that rihect iovexmal gupflux oprowidest ito the

di stillatiogatgl é\@t&rew&@uaalﬁafssiyﬁmtbdﬂ% hy %h Eofcfﬂéux provi des
to the a,%g yst _thereb reduc guﬁ)ol yge bUIL N nd co ng,

The arrangenent®8f BREAPIEREN £ RactfBRs 1n ‘al strfl afFAREE3 um

al so creat edistikiatian colummhalsentneates fipdibppity ain othefmanmepr esent

i nventi on tsnaaapﬁyfcﬁlameoflocne f}ﬁ@één@h"n@bﬁﬂﬁhﬁtﬁsa@'&n W Sxa e in
one errbodlrrent a avy resid |}?len asphaltenes nmay be fed to feed

zone bRe anﬁgﬂl%‘f’“ c%*t’éﬁ%ﬂ% c FXafpPle o pid e‘tP%se’EP%"tlr“}q“é'—t i®n
struct ur es. heaWnereaidl Jtigh rimt easphalitenesf ingt Ben€edbave feed #dire feed

zone woul d Qétﬁggalﬁedg)la@o%@umﬁeo,ﬁawﬂan ;Jr%parz]%hﬂgg ilsg{)%;{gb{fomsuppoﬁ

wi th pore d| strlbution tween 10, a en 100

and 1000 A Struciyres ode’ﬁ%?a???iﬁ’f?’cﬁl)m%trﬁr‘a? et EiRRh Po¥bal t -
nol ybdenum th@ostaeesti @onei neodald alkem naballpﬁmlymetﬂunpodepositedil s i bution

of 40ysbet ugeilodd 2 ublihal st et Whh 188-20 a1 AU RUBA of CTARKI N0

and a thi rﬁa per bed of % de 03|ted on h surface areg alum na
(deni troge ? BN L0 es]Lﬂof urhrz af®3n) PehyesR| o ?hedRbed Whe 42 | ar ge
por e albydreddmtal 13@atAoay eangde)a fsrcashhgiwamde eid bl catmalt-

removal . W&':[fﬂf‘éhd}ﬂim@ﬁo | &l Bl AGERT F@lmﬁmmuﬁsr@%tﬁweﬂ be

i h f I n
supplied atd}.st?rnj.é)tw:elon of 0401;[ eethPeel{'zrm 0a ané 100 A, 40% between 100

20 and 1000 A (cracking) and a third upper bed of nickel
deposited on high surface area alumina (denitrogenation and
desulfurization) and below the feed zone a large pore
alumina (over 200 A average) for asphaltene and solids
removal. Hydrogen may be supplied along the column, but

25 should be supplied at the lower end of the column and in
the reboiler. The total pressure in the column ,would be
10 to 100 psig with a hydrogen partial pressure in the
range of 1 to 70 psia at an IHSV of 1 to 10 hr-1 and
hydrogen flow at 100 to 5000 SCFB. Under these conditions

30 the temperature (determined by the pressure)} would be in
the range of 400 to 1200°F.

In an another embodiment there can be conventional
distillation trays above, below or dispersed amongst the
beds within the column. In some embodiments there may be

35 only catalyst beds above or below the feed zone.

It is apparent that many other arrangements and catalyst
types can be used in the column along its profile. In a
distillation column the temperature profile determines what



the reboiler. The total pressure in the colum.wuld be 10 to 100
psig with a hydrogen partial pressure in the range of 1 to 70 psia at
an LHSV of 1 to 10 hr[err] and hydrogen flow at 100 to 5000 SCFB.

Under these woWghidgpns 30 the tenperature (determ ned by pdreuset/esiselr €)
woul d be in the range of 400 to 1200[err]F. I n an anot her

enbodi nent there can be conventi onal istillation trays above, bel ow
or di spersed anongst the beds within the colum. In sonme enbodi nments

there may be g3 {.ﬁtg%aneat.@ Yptediifls 3ROVP givbe! PHiheS {1¥ednzOrolumn

It is apparen ot her_ arrangenent d cata pes .can be
used in the cbrER] &Porfgj‘thmplr’dfq | oing 0 g the c(?l“??ﬁ'}’ﬁ??bn %‘ﬁfm?the
t enper at ure pgréi bﬂdtbimsndmaﬂiah of the columi\®h@3tta2Bing products
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cracki ng prodegksctive Wammemne bed can be directed to another bed with a 5

speci al i zed cat aﬁgtﬁgg EA' A0S £ONBhET UBHELD it TBE!sussicRiiedd Ve

nanner . en rale to rhe ieactor must be sufficient to
mai ntai n the maiptadm, tl!i’@t kepetirn onPhhatkapti Peif ghat whighs qWiGhdi ng
of the col U”“c&h!séthoalﬁd@rﬁfombtambmd Waith is" ah@erstodd ngp douite of

hydrogen " as,t wHygdl o f r gte

typi cal I1;9 cal cﬁ?g?%%’?%ﬂﬁé Hﬁ'ggmﬁdét)rfd 3&% %elpe &g gﬁg‘f’rlé;?% q'%efaudﬁ'aé'(dgCFB)
and are in herefp. r andiydzeaeno flgwsaotesceie tpr.ca 1xy edbeilatad 3shg the
scope of the gA¥RA4+@Nchbits fébt pBIt‘O[hﬁS'edltbift fleeel nESCIF®)i sindt laaxte pimoduces

the effecti ve%gsﬁan%e gf ﬂm) &L%%%t sBFgCess is the condensation of a

portion of apors 1n e reaction sy sten}‘ whi ch ocgl udes
sufficient hydro!jé‘hh?lhtt Heimidrimgnsthe| i 2RARE t §fobtRE n ifyention it idg (e
i nti mat g scont pebpbsédceiat Rthd wdchgatspnthdtprtifiucesethel efifectirdndssent s

in the presenge of ;tRG.Cahe! ¥flcds is tHSWnkehBat 16 o CDVSSS N of
the vapors in the reaction system, which occludes
sufficient hydrogen in the condensed ligquid to obtain the
requisite intimate contact between the hydrogen and the
20 petroleum constituents in the presence of the catalyst to
result in their conversion.
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10 The i nvention c|al IS¢ A process for the

hydr oconver si on of lmﬂz ll(ﬂ Hﬂgllu rous stocks conpri sing (A) feeding

(1) a petngbssimstre i above 400[err]F a rogen to
U L Hrhsldyp

a distillation colum reactor; (B) concurrently in | lation
col um reactor (1) distilling said petrol eum stream whereby there
are vaporous petrol eum products rising %J?vaa_rd through said distillation
col um reagfor RakLg" ”i‘Li,ESCfg'“X of liquid flow ng dowmmward in said

. . N ’iln dls: . . . .
distillation colum Teactor and condensi ng petrol eum products within said
distillation lcolunbrepreeess for the¢ 2)hr<§m<wmefrgigai dofiet heRvym st r eam

and sai d hysBta@an fetroBesBHERE ey isingydr oconversion catal yst at total
pressure of Ie(is t han .about I%00 gs;%& h)idrogen Fartia{Iﬁ), ressure.in the
range of 1.0 t$) eSESAABE 761ks; Tl e PEERPR | I aRBEnSY 400 to
1000[ er r ] F abimyiecb40@° Poraridon (8) thwsinegeno| bamast déatilkatiackedliumnl i ght er
products baidddt@rhel ow the boiling point of said petrol eum stream and

(3) distillin roducts_in i d, col unmn .t.o.r. ve a vaporous over head stream
conpri sing pr%&’ﬁct §°Hﬁ}’ﬁf§n€€¥'I’r'hg“dg]g\hsitﬁgfgﬁf‘?ﬁ“ P P Ee8rtes; d

petrol eum stream arfd)a Aigtid 1ot omsist r epetrodein  str€amcomtersbpg a
portion of drie0ueen9agsrans pel bl pRoBAELL OP1 Ofng U LANERASE |

overheads to said, distillation colum reactor as exter

process acCHH@ ngifHitiakinn GRLMRR nreartoY ot 2 pltariad ixeflys efan 290

psi g. 3.1ikwddpfaowdngadownwhmy iro salidi it Whbsel on saildminorahcpoessure is
ess than 734 Rerdensind. pEREoRERS CoPoREO dhfkhi s Bidrihgheigysal d
total pressure is In &He range of 0 to 200 psig. 5. he process
accordi ng t®XR; ¥PRSHREr ei n sai d hydrogen partial pressure is |ess than 50
psi a. 6. The RRdcessnbachiny ngatid cpetrmobewherstireasmi dnd - said -

hydrogen in the presence of a hydroconversion catalyst at
total pressure of less than about 300 psig, hydrogen
partial pressure in the range of 1.0 to less than 70 psia
and a temperature in the range of 400 to 1000°F whereby a
portion of the petroleum stream is cracked to lighter
products boiling below the boiling point of said petroleunm
stream and
(3) distilling products in said column to remove a

vaporous overhead stream comprising products mainly
boiling below the boiling point of said petroleum strean
and a liquid bottoms stream, and

(C) condensing a portion of the overheads and returning
a portion of said condensed overheads to said distillation
column reactor as external reflux.

2. ‘The process according to claim 1 wherein said total
pressure is less than 290 psig.

3. The process according to claim 2 wherein said total
pressure is less than 250 psig.

4. The process according to claim 3 wherein said total
pressure is in the range of 0 to 200 psig.

5. The process according to claim 1 wherein said
hydrogen partial pressure is less than 50 psia.
6. The process according to claim 5 wherein said

hydrogen partial pressure is in the range of 1.0 to 20



hydrogen partial pressure is i rgnge of 1.0 to 20 WD 98/ 12281
PCT/ US97/ 15128 u“l‘ \“‘““L\Uﬂ@\um 11 psia. 7.  The process
according to claim 6 W rogen partial pressure is no nore
than 15 psi §yoog128g1 The process according to claim 4 V\hgéﬁiug”g@hg

' : The

hydrogen partial pressure is in the range of 1.0 to 15 psia.

process according to claim 1 wherein_the catalyst contains conponents
fromGoup V, VIB, VIIl netals of the Perfilodi ¢ Tabl e or nixtures thereof.
10. The process according to claim9 wherein the catal yst conprises
cobal t - nol ybggﬁﬁm 11. The process according to claim9 wherein the
catal yst conpri 3es niBiel procesdemnaording? to vhaipr ot eshezedsr dsaif t o

claim9 V\hera'garblaencpa&yﬂ piEreessNhe kidrd WHGSE @8. psial3.  The
process accordi gg toclaim. 9 wherael nrtdq% tempergtyre pf w%alrd.%onst a}[ﬁ‘%l ng i s
in the range of ®200- [ BFPYRSS  aCfRraing,t9 6c8s? accdrding tottaim 1
wherei n t he bydrpggnpeiartisl tHressureolicunint thamrangee|afy 850 &or |¥5 15.
The process ggggqrding to claimi, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13 or

14 wherein said _catalyst is prepared in,the formof.a gatalytic
distillation stPact ur‘é-_‘e procesg according o Cl wLZreln the

catalyst contains components from Group V, VIB, VIII metals
of the Periodic Table or mixtures thereof.

claim

10. The process according to claim 9 wherein the
catalyst comprises cocbalt-molybdenum.

11. The process according to claim 9 wherein the
catalyst comprises nickel-molybdenum.

12. The process according to claim 9 wherein the
catalyst comprises nickel-tungsten.

13. The process according to claim 9 wherein the
temperature of said contacting is in the range of 400-
700°F.

14. The process according to claim 1 wherein the

boiling point of the petroleum stream is below 650°F

15. The process according to claim 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13 or 14 wherein said catalyst is
prepared in the form of a catalytic distillation structure.



