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PROCESS FOR THE CATALYTI C HYDROTREATMENT OF HEAVY 5 10
- HYDROCARBONS OF PETROLEUM DESCRI PTI ON TECHNI CAL FI ELD

OF THE | NVENTI ON The present invention provides a

process of the oil refining industry, in which a

catal vtic drotreat nent of hydr ocar bons

ot FRQGESSFOR THE LBIALYTICHVERATREASMENT O HEAVY
properties. BACKGROUND OF THE | NVENTI ON The evol uti on
of the refini ngHYRRGCARBQNS @&PETROLEUM

hydrotreat nent of heavy hydrocarbons of petrol eum
acquiring a technol ogi cal and econom c i nportance
simlar to the processes of hydrocracki ng and

catalytic reform ng. AvpEes¢RPHiDNeavy hydrocarbons
of petroleum are the heavy crudes, the extra-heavy

crudes, blends of heavy and |ight crudes and
petrol eum residual s, such as residues from the

at nospheric o sent a
specific gravﬁ%é@EﬂEL@Fﬂ%Mbg}éﬁh{eem of
distillates recovered @538C | ess than 80 % by vol une.
Thd herRyaeent ipremtiommyides a aeacess of the odvafiniabiindusfrypdn which
petroleumresiduals 20 with high sulfur and net al

a catatytintlyydrotseatetdntasf hémvydbydnodarboagasfdpeigolebm is carried out in
i nprovenent of fuels in their ecological quality,

ordsraBapraVeomieirtigiepeieiss] opment and expansi on of
hydr ot reat ment processes of this type of feedstocks

for their refining. Since the 70's, there have been
reports of the hydrotreatnent of petrol eum residuals

where they st aley Lp&@BUNG OB FAe RUENFRIEY ©f

val uabl e distil
The evolution of the refining industry has lead to the hydrotreatment of heavy

hydrocarbons of petroleum acquiring a technological and economic importance
similar to the processes of hydrocracking and catalytic reforming. Among the
heavy hydrocarbons of petroleum are the heavy crudes, the extra-heavy crudes,
blends of heavy and light crudes and petroleum residuals, such as residues from
the atmospheric or vacuum distillation, which present a specific gravity less than
32° APl and a content of distillates recovered @ 538°C less than 80 % by volume.

The production of heavy crudes and the availability of petroleum residuals
with high sulfur and metal contents, as well as the demands regarding the

improvement of fuels in their ecological quality, brought about the development

~and expansion of hydrotreatment processes of this type of feedstocks for their

refining.
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fractions with | ow heavy heteroatom concentration. The
heavy crudes require a treatnent simlar to the
petroleumresiduals for 5 their processing, due to
the fact that they are characterized by their |ow

Hydt.ogenl/ bo HC ratio, high viscosity, hi
o B T 2D e e BeoR sty af e Biroliealidit ofgpstroleum
and netals, and |low yield of distillates. The reactive
regidugisnyvhere ftheystate dgetmefnpam a@ssthgheacovans of xatuehla distillable
has been placed for the treatnent of this type of
frefotiods witbdew heavyheaterpabemfcoreentbatibn. 10 ebul | at ed- bed
or in dispersed phase. The refining industry nostly
us et heaiyi sredes hequiry Retredthrartiseiil &oRcit péthdl8dmOesiduals for
metal s in heavy crudes and in petroleumresiduals is
ief f gst [ [ forkh s ;
théIE PRPSEIngY dhe' Mo IR MRk, Mp ek Pk Rrtelopy their low

therefore
PORGIFHCEHERE G007 a3 nihG6ri. Dl EHERP, fvainant
, by i [ he 1ifé I f h
eSS4 ATy ST Ciogen S B akagd low Bt distiates ont

refining processes in the renoval of contam nants are
t hdbe rsackyelsystesatisnghe  pathiof Kharproegss Méwre anost attention has
practically all fractions of oil such as: naphthas,

been githaeddios thé trebtaeniaicthistypesififebastosks, nalsich wesy betfixed-bed,
In the case of 20 heavy crudes and petrol eum

eblkabd4RldSer inh@isBelska [SRmel TheSreliRing! iMHLARP ﬂ%é?tl:y)’uses the fixed-
renove various contam nants, princrpally:” netals,

nitrogen and asphaltenes; it requires an

£ r
e ‘t‘{é - .
appropriate selection of the type of reactor,
wi th high.acti y and sel ecti vi,t

c | ysts It 0 :

¢ e Wi eorfdintaltiof Yy R eteltin e s otin belshleusiduals
. W |l render the process profitable. 2 The inprovenent
is reflegtadelyy2 fRglrdragtivationof jbe atalystsi therefarei it és important that
these feedstocks be demetallized in a first stage of their treatment to maximize the
removal of other contaminants in later stages, thereby increasing the lifecycle of

the catalysts used in these stages.

The most efficient refining processes in the removal of contaminants are

'those of hydrotreatment, which are applied to practically all fractions of oil such

as: naphthas, middle distillates, vacuum distillates, residues, etc. In the case of
heavy crudes and petroleum residuals, where the desire is to simultaneously
remove various contaminants, principally: metals, sulfur, nitrogen and
asphaltenes; it requires an appropriate selection of the type of reactor, catalysts
with high activity and selectivity for these reactions, as well as -operating

conditions that will render the process profitable.
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processing to renopve contanm nants and increase the
Hydr ogen/ Carbon (HC) ratio, usually by the use of
process schenmes based on hydrotreatnent. The
commer ci al processes currently in existence perform

t he_ hydr ot r eat nent heav ({; dr ocar bgns of L .
pet I'81 MRTANSELNb raﬁl %a‘ﬁfor%” g%afgow h Relpleum implies its
pressures, in the range of 140 to 220 kglcn® for fixed
Precessingl tebiamaexe gobtaminantsi and dbcreiasehtheh HydrgandCarbon (H/C)
To maintain continuity in the operation of these
rapio oceedly dy thheisbafpadcess sthesed hemdidsom hgdstredtrents
l[imted to a nmaxi mum content of 0.80 % by weight. 10

Th qh@&irﬁﬁie@ﬂa%mﬁ:@@sé‘s\’&frﬁér{t@qﬁ EBiteMiOBESHS i hyftﬁ-atféatment
hydr ocarbons of petroleumat | ow pressures | ess’ t

oflﬁga\ﬁglﬁﬂﬁocé\(}%ﬁpgggg 6é\l\ml%ﬁﬂl gﬁﬁg%gﬁo EH? ?l’i?c(l:lﬁéns with high

nt’s an

t hese ess f
pr%%%?ﬁ%nws b 6 4 220 455t So'{*ﬁéeé’ﬁaﬁ@e?g@ shullgjed-bed,
eav ctions (boiling point > 538C) to lig
W'?'? 8¥’f igh LONVRESINSs ko Hraipking soptinity wgthen@peratlon of these
pressure in the reactors. For this reason, the
precsases cihel fopmatiers sbsedinfents/and sludgkiis glmiied Heavmaximum content
hydr ocar bons operate under operating conditions with

of Diggh%syeweighes, above 140 kglcn2, in order to obt ain
attractive conversions of the heavy fractions.

r efrpeehs&ratioh cﬂ'a{th%nﬁgdo hy@frﬁé’n V‘f[))lyr(;‘:segﬁgé petlf‘%‘af\)gemdrocarbons of

processes of heavy droca

o Y e T 47 Rl R s vy v

ata t es hdrtreatln heavy _ojl s of
fork Py ot SesRials. s ghedbralich i a8 Shatbiedstparaplerg of these
out in a fixed bed reactor for a renoval of no nore
pragegresol v tormution €If sedimenta ¢indrslydge-increasast whemtiye conversion
from30 to 70 % although in the exanples it states 3
of heavy fractions (boiling point > 538°C) to light fractions also increases or by

reducing the pressure in the reactors. For this reason, the commercial processes

of hydrocracking of heavy hydrocarbons operate under operating conditions with

~ high pressures, above 140 kg/cm?, in order to obtain attractive conversions of the

heavy fractions.

As references of patents related with hydrotreatment processes of heavy
hydrocarbons of petroleum, there are the following inventions:
The American patent US 5,591,325 of January 7, 1997, claims a catalytic

process for hydrotreating heavy oils of petroleum in two stages. The first stage is

- carried out in a fixed bed reactor for a removal of no more than 80 % of Nickel +

Vanadium (Ni+V), preferably from 30 to 70 %, although in the examples it states
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renoval s of between 45.3 and 47% The operating
conditions in this stage are as follows: tenperature
of between 320 and 410' C, pressure from50 to 250

kg/ cM2, space velocity (LHSV) of 0.1 to 2.0 Wand
of 300 to 1,200

dr oge drocarbon (H2/HQ) ratio, )C 1.
reﬁ?%%’ﬁé%@@@rﬁﬁ-%@&&%- fbe apesatingneanditiests i fhis stage are as
nitrogen and 5 remaining netals in an ebul | at ed- bed
follewg: ttempanatune of betwedm32®pad a4103G, pramsuré om 50 to 250 kg/icm?,
tenperature of 350 to 4500C, pressure 50 to 250 kg/cwe
spaceHBlbaty LHSV)0of10.100VE.0ant aHa/ Higirogeh/s1ydedcdroén t(B./HC) ratio
3,000 ni/l. In that regard, it is inmportant to note
of L3V toS IZDOPANIE The HeRBhd Egté(g?)@ o dhle! RPnovay & %hffﬁaatﬁlﬁgg%en and

in tw st agles of reaction of an at _rmsp!ﬁerl c residue
re%%gir‘}%?ﬁsgls, iﬂﬁlg%:.@%%{g}é@\?eg@ﬁgg{f&%ﬂ?@@ﬁ%}%@:ﬁé conditions:
teiiRaatus: P 4501C GRS 10, eE0pIRBt A ! o do 100 b
m

rempval s of Ni +V of 109 wpp total nitrogen of 1,970
an@diadiiG radion @h 508 tp 3,.00007/I( asphal t enes) of 6.6 % by

wei ght and total sulfur of 3.78 % by weight, as well

as lra thiatr regairaynit é&f irspalitadnibsnatedthab saldupatent precisdly %xaynplifies

wei ght. Said patent also clains the utilization of a

hydeit@laysent hasteb alaged ®ifatedttiohhef \rAatibsphéid! dsidue in the

groups for stage | and a catalyst with a _
roljWigogrsifg FERGHOAPRRELSFo! fr 2SETRIREE, g HET02 W
teriG R 7 BB tof 1r S AT S sl ATy, and
: : i%ed-bed react or packe

i ses:_a' f d with
Hz@&?@%ﬁét%i@aq&aﬁaa@mawtaw@ tofahigmeyals at IbiéMan dG& wppm,

and b') a suspended-bed reactor packed with a

totalyniiroges of 170 wpgms ansdlylbles i nHy d (asphalteneseofdd.61%dnt weight

product of the reactor of section a'). According to
and Hetahsoifuriofis3. 18 % Mhys welyhentasonell fasr atformbBsy \of ¥edirbénts and

petroleumis fed into a fixed-bed reactor packed with
slu8g® YA RIe BB Weldht! @Rid patent also claims the utilization of a catalyst
based on a metal of the VIA, VIII and V groups for stage | and a catalyst with a
hydrogenation metal supported in an organic oxide for stage II.
The American patent US 5,779,992 of July 14, 1998, which is in part a
continuation of the American patent US 5,591,325, relates to an apparatus which
comprises: a’) a fixed-bed reactor packed with a catalyst to hydrodemetallize a

heavy oil of petroleum, and b’) a suspended-bed reactor packed with a

hydrodesulfurizing catalyst to hydrotreat the effluent product of the reactor of

section a’). According to the apparatus of this invention, first a heavy oil of

“petroleum is fed into a fixed-bed reactor packed with a hydrodemetallization
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4 catalyst and then b) the heavy oil of petrol eum
hydrodenetal lized in stage a) is fed to a
suspended- bed reactor with a hydrodesul furization
catalyst in order to performa deeper hydrotreatnent
tt‘kereof. The %drotreat ment may be carried out for a .
calzlystomed dhere by doe bieavy il oftprirejperabydrgdemetalizashin siage a) is
simlar to those 5 described in US patent 5,591, 325.
fedre atsuispandgthbedtremiot MifBalhydrodesuifitrization k@¢dyst in order to
granted to Instituto Mexicano del Petr6leo [the
peviaximcaudekpst hydrotreafmétstt thetedinT he piydrot@2smanpregasiiterried out
for hydrotreati ng heavy crude oils to obtain synthetic

fo€ BUgflombdd RMoAPb: GrRYitie preréﬂrﬁ%’ i_chdi%Pg%rbosiﬂﬁlar to those

This process conprises the steps O catal ytic
' avy crude oils with APl gravity
de:%}e(,glé&% L@ﬁgﬁév&! if’ﬁgg’?’?lghal boiling tenperature range
fr rppm t enperat yr 0C at a . pres of 76 .
e PalRh A Taneehel AaktcsS.: Tos rene to Instiuto
wei ght of sul fur, 1,000 wppm of nitrogen, 150 wppm of
Medganas dehPelraleodihe Mexicanuimptitiiel of Petieleunsl, grevides a procedure
asphal tenes; separation of the effluent fromthe
for lytrotrealing hebwygoiudieptibsste airtdinl Syrihetihemdehasth arf AP! gravity of
vapor, and carriage of the liquid phase to a scrubber.

grahhiysof 28 €5 @65 ThRCoeESs dohiprisbs dhe fstdpPsP \cathl@id Bfdrotreatment
with | ow contam nant content, being able to process

o SpEPSni6 s G5 ALPOAY I SOBHF 2L, G LU, jyoeratare
AT G B B S A PR G590 i and

desyl furi zi ng, crude or atnnspheric residual in
comaminante coblehis gregtsr tthan ¢ % my Meight pbsydubck.009 wppm of

_introduced with hydrogen within an ebull ated
nitrogeal ykS0c wipn iof mistals olnicksl randpanadiung eoddd t%oby: weight of
pressure of 68 to 170 kg /CVM2, tenperature of 387 to
asphtiicBes] id8Wardtiof. @0 the effilentVfrovhethe tdutstegr eeli@did phase and
another phase of vapor, and carriage of the liquid phase to a scrubber. This
process recovers a treated or improved crude with iow contaminant content, being

able to process as onhe feedstock 100 % in a conventional refining scheme,

- increasing the yield of distillates and the quality thereof.

The patent US 3,901,792 of August 26, 1975 claims a method for

-demetallizing and desulfurizing crude or atmospheric residual in multiple stages.

Initially, the heavy feedstock is introduced with hydrogen within an ebullated
catalytic bed in the following operating conditions: pressure of 68 to 170 kg/cm?,
temperature of 387 to 440°C, LHSV of 0.20 to 1.5 h™', where the degree of

demetallization is in the region of 50 to 80 % by weight or more, depending on the
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denetallization is in the region of 50 to 80 % by
wei ght or nore, depending on the 5 quantity of nickel
and vanadi um of the feed. The light fraction | eaves by
the upper part of the reactor as acid gas for
sub_seqfuent recovery of the |ight_fractions of
quardnoeiniskel and yaniasiumaidhe ferd. O her ght diaction leayias ey e upper
to a second stage of reaction mxed with a stream of
petit of S redalor as sadid gas dos wubseduerti renovery eofbibe kight Fractions of
the same characteristics as that of the first stage.
hydrodarbong pehe st thef lighiel effaehoris candecas eous second stage of
fraction is recovered for subsequent treatnment

reh QR RfixedVARA RASrESS of ﬁ%bgeﬁfftgr' i'{t%ﬂgdfo%l%%ﬁﬁr%tibﬁ in a bed of

this second reactor is conducte subsequent
tnd S8 OB ALL BSR4 SR 839188 Feactor
g abece FRERATY to el YL R e Bt A s tre

.oils wth a high content of asphaltenes, heavy netals
liquidqg eEiwent, reconesedth davipisoisecerd Heaeler is apedusiediia 1 gubsequent
stream of hydrogen for the first stage of
frabiiomiod emiteatrhentat i on and hydrocracki ng of the
asphaltenes. The effluent after being subjected to
t hiasndridast patead &S i14166,0d8cheAulgst1 2821979, Erdléd:t@ a two-stage
separator, where the gaseous fraction rich hydrogen,

prébé@gqgwgﬁcgt%dt&%nt t@ﬂ Aebig hgd ltb%gf't?lﬁﬁ EHPF? g%fhé:a‘wddttﬁﬂég topped

r e recovery o

r r . reas.the |iqujd fluent taogether
orge, SEER sitBRLST Bid Mot s with Bk RO BEBE & asghattenes.
second stage of reaction where the principal reactions
hegyy rﬂ%ﬁ%@%@uwlﬂm A4 braynPihis hegted togethegavilng siream of
are effected. Subsequently, the 20 effluent fromthis
hydrogpni for dbadiirst sfiage o bydrotiemetallizadioar andrhydrbenagkingeof the
liquid product is recovered and conducted to
aspiegienet oThe effudmiafien bleirghsuibjesied terthisnfirsbstageaisy conducted to
fracti on. Meanwhile, the gaseous fraction rich in

a gR%diRERSepdritdr ORREreSHel diRous fraction rich hydrogen, hydrogen sulfide

and light hydrocarbons is conducted to a scrubber for the recovery of the light

hydrocarbons, whereas the liquid effluent together with a part of the recirculating
hydrogen passes to a second stage of reaction where the principal reactions of
hydrodesulfurization and hydrodenitrogenation are effected. Subsequently, the
effluent from this step is conducted to a gas-liquid separator, where the liquid
product is recovered and conducted to separator to obtain a light fraction and a

heavy fraction. Meanwhile, the gaseous fraction rich in hydrogen, hydrogen sulfide

- and light hydrocarbons is conducted to a scrubber for the recovery of the light

hydrocarbons and the gaseous fraction rich in hydrogen and hydrogen for
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and |ight hydrocarbons is conducted to a scrubber for
the recovery of the |ight hydrocarbons and the
gaseous fraction rich in hydrogen and hydrogen for 6
scrubbing in subsequent unit. The operating conditions
in which the process  qperates preferably in both
S%%B% igr gubseausnt ik spgratingr cguditign250 whicknthe process
tenperature of 350 to 450C, H2IHC ration of 100 to
operaes prefarablylinthetl staged ateceas ddllovesh prgssuradflidBe 860 kglom?,
0.1 to 10.0 W 5 The process of the present invention
tempesaiotesofc®Bts tol4bEas, eHAHC ratien o8 90830 2[@IRAGENal liters per liter of
obj ectives, operating conditions and results conpared

Chird1ahbORB\bT O hd FDORS. eTerences, since it is
- ef '

ected by a combination of |ow pressure operating
F eadie, RSy % 4P ab R e hifoeRY sBhe ey Bfrtonces as

a_hi .capacity for remoyal of netals, sulfur,

refartts iR, pletdibansaiitans"aud el cMpaIed wihithese of the
formati on of sedinents and sludge, to obtain a

abpye reterentasd singerib isaetested by appmbinatipnopldontpressurg eperating
are presented with clarity and detail in the

conditiposy afgheype of sea@BEGhFI0CATE GhpeCBT fEdEstasWENTONdetreated,
The present invention provides a process of the

whitsh toglethan grelidei ) Bighnelsdoity foMRBheR of redtal, uifGr, nitrogen and

hydr ot reat nent of heavy hydrocarbons of petroleumis

as?ﬁél&.‘ﬁe‘%‘?gs g\{bllt%%llirﬁgi?lggﬁggémﬁﬁ 6%09#?1? tse%'ﬂg#] ngﬁige, to obtain a

i xed-be e reactors, o

[ ' | owpressure operating.gonditions f. .
R ER0RL bR Ry BRaS P BN, Wict” Rt sl Yitn clarty
ge g%dro%rgﬁted, whi ch toget her provide a 20 high
and detall ipfhe fpllowing ¢hapters.net al's, sul fur, nitrogen and
asphaltenes, as well as Ilinmting the formation of
sedi nents and sludge, to obtain a hydrotreated
hydr ocar bon of inproved properties.

SPECIFICATION OF THE INVENTION

The present invention provides a process of the petroleum refining industry
whereby a catalytic hydrofreatment of heavy hydrocarbons of petroleum is
effected, in two stages of reaction that employ fixed-bed or ebullated-bed reactors,
through the combination of low-pressure operating conditions, of the type of
reactor and of the type of feedstock to be hydrotreated, which together provide a
high capacity for removal of metals, sulfur, nitrogen and asphaltenes, as well as

limiting the formation of sediments and sludge, to obtain a hydrotreated

'_hydrocarbon of improved properties.

Among the heavy hydrocarbons of petroleum that can be hydrotreated with

the process of the present invention are the heavy crudes, extra-heavy crudes,
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Anong t he heavy hydrocarbons of petroleumthat can be
hydrotreated with the process of the present

i nvention are the heavy crudes, extra-heavy crudes,

bl ends of heavy and |ight crudes and petrol eum

residuals, su resi dues from atnp eric, or .
oIS et A QoPEerudees ari peldBH taP RIS g 45 residues from
bel ow 32 and a content of distillates recovered @
atmggpheric or vaewuadistliglionowhieh, presentean AF| gravitsbelew 32° and a
objective of this invention to provide a process for
contant of distitlafiegtrecoverdd @ra88¢ Gdass tifanh&da ¥y b ydiuoear bons
of petroleum through the conbination of | ow pressure

opdhetéfoee, cionsliani epectiad of heistinbentidn terbAGe _ﬁbﬂﬁ;r&fess for the
the type of feedstock to be hydrotreated, whic

cat AR Wdr%ﬂré%ﬂnéﬂ?eot %%%ﬁy‘b?@d?écarﬁ@ﬁé Wgﬁet@g%rﬁl UARSugh the

Anot _her objective of t _ sent | nve_
o B A Y UL 587 o o
o, BB BB Wil ot o

obj ective of the present invention is to provide a
sedimrds anflgludgee  catal ytic hydrotreatnent of heavy
hydr ocar bons of petrol eum whereby a 15 hydrocarbon
of Anotierwalijeqtivepof thee présentliheentieth i tdh providl@ianprocess for the
content of sedinents and sludge. A further objective

cafiytichs/dpb@seierit Bf HtlahQ hydPodfb B O B S@tréle@ah?ﬂ?a?%ré@éntfan API

the catalytic hydrotreatnent of heavy hydrocarbons o

oy PGV i, B 1o RRRE Lty L PRI s o 50

20 limting the formati on of sedi nents and

wel | as
bng{E‘Hb%. An addi tional objective of the present

invention is to provide a process for the catalytic
hyQP cddes pRIetivsT ohEhw, prasemt dtvantionds de previdel @ pracess for the

wher eby a
catalytic hydrotreatment of heavy hydrocarbons of petroleum, whereby a

hydrocarbon of improved properties is obtained with a minimum content of
sediments and sludge.

A further objective of the present invention is to provide a process for the
catalytic hydrotreatment of heavy hydrocarbons of petroleum that has a high
capacity for removal of metals, of sulfur, of nitrogen and of asphaltenes, as well as
limiting the formation of sediments and sludge.

An additional objective of the present invention is to provide a process for

the catalytic hydrotreatment of heavy hydrocarbons of petroleum, whereby a

- hydrocarbon of improved properties is obtained that can be used as a feedstock to
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hydr ocar bon of inproved properties is obtained that
can be used as a feedstock to 8 process in the
conventional schenme of refining or be sold as a
hydrocarbon of petroleumw th inproved properties.
Yet anot.her objective of th resent invention is to
PIAFERN Ul nF FPRYNEGnahsofeme QIEINTG r RSN Bue ruoGrbon of
heavy hydrocarbons of petrol eum which can be 5
pedioleiip ithiatrspeed ﬁ@mﬁ)ﬁ@nti onal refining process.
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 represents
a Medwnotimrtotjédive dfl the tpreserdt inventiossis togyokdeanprocess for the
the applicant of carrying out the process suggested
catalytid ehydr@teatinend Ve he 8y SHirdddrbbns 16 peirsReInASwhich can be
reference in the exanples of application, for

sitQhicd BHibR: &eWh{i&?éﬁgfiﬁmﬁ{p?&?ésEO” of i mproved

properties a m ni mum cont ent of sedi nents and
sludge in the product. Although the schene of figure 1
illustrates specific dispositions of equi pnent

wher eby this_invention into_practice

may be put it
must not be BRIER PESGRIATONIOR THEDBAVINGS
speci fic equi pnent. DETAI LED DESCRI PTI ON OF THE

| NWENFE ONrdrasehtaedl fb@! evart shathfudiestbs TRE Hedt W}Akhd\@n to the

applicant for carrying out the hydrotreatnent 0
r r . .

apPCEH o K0y Mo BlockSh'sBhGHREbn e nRe<RE hyBhtionapg which

di fferent, hydrotreat nent catalysts,. whp pr,inci pal
SelYpp 48 & 1S T PlNEMEIRIFS Pb BbPUstoN. {HEHIAR 2 hydrotreated

hydrocar bon of petrol eum and the hydrocracki nt}; of
hydrosaeiane Ak dmprovedeprapestiess aadea maimumecontent of sediments and

hydr odesul furi zati on and hydrodenitrogenati on of the
slubgey theyprogieigt.bon of petroleumin the second stage,

t hrough t he conbi nati on of | ow pressure operating

Although the scheme of figure 1 illustrates specific dispositions of equipment

whereby this invention may be put into practice, it must not be held to limit the

invention to any specific equipment.

DETAILED DESCRIPTION OF THE INVENTION

Described below is the best method known to applicant for carrying out the
hydrotreatment of heavy hydrocarbons of petroleum in two stages of reaction, in

fixed or ebullated bed reactors, with different hydrotreatment catalysts, who

principal effect is the hydrodemetallization of the heavy hydrocarbon of petroleum

and the hydrocracking of asphaltenes in the first stage, and the
hydrodesulfurization and hydrodenitrogenation of the heavy hydrocarbon of

petroleum in the second stage, through the combination of low-pressure operating
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conditions, of the type of reactor and of the type of
feedstock to be hydrotreated, which together provide
a high capacity for renoval of netals, sulfur
nitrogen and asphaltenes, as well as limting the
f or,mati op, of sedinents and sludge, to obtain a
congtostsy 8§¥f1§dtyn9cﬁfdea?tes ﬁmgf(’fi tﬁﬁﬁm af fResislaak fosbe bydrptreated,
general , there exists no limtation of the type of
wingla tegethebaravisiena highhpapaaity fas remedal of mitals rsadfes itsegen and
the present invention. Anong the heavy hydrocarbons
asphajienes) lasumelbas livitenghibaviprroatiote sf sédimedis and BRalge, to obtain a
crudes, blends of heavy and Iight crudes and

hyBpdtredted Myl RTartH 6f inﬁ#f@?e@ﬁrdp%ﬂié’é%es from the

at nospheric or vacuumdistillation, which present a
specifd ' 22 10 AR a
o 1 9Ser et HRS ) Mok of the M0fs of Buartin to be
The exanples, of plicatio f the present. inyentio
ey eI, . 1R BuoEets OF 48p rESeRt FbePliph.ofiong’the heavy
resul ting {rom at nospheri c and vacuumdi still ations.
hygtacamhensak PeiRIgHm ¢ Bsnnawaaudas hesydwe-hgavyigudes, blends
Feedi ng the heavy hydrocarbons of petroleumto a fixed
of hreavgmand lighidcmigesr art petroldurn rasidydisptsueht aenesidues from the

catal yst, whose principal effect is the

atrhysisteiznet wdduunaidistitlatidn, twikich gaeserdtyal rsﬁ@@ifi@ @Rsvigfless than 32°
petrol eum and t he hydrocracki ng of asphaltenes, and 20

AP.aride 8 tomerithsy (Hi%ﬂ@f{%@)‘@éd’x@é@@ SisReidR ®HA 80 % by volume.
I to af E)ety

hydrotreated 1 n stage xed or ebul | at ed-

i : t, . f
Thé?@%@?ﬁlquﬁ;&dﬁ%{gé&rﬁ)mﬁé ﬁ?%e?ﬁtghgé%?on inciide ﬁeg\?f Brildes and
hydr odenj t rogengti on of  the heavy hydrocarbon . of
resii{ds, K Ates G asing Bomamosphers ZNdnasyymJaMBEBons
of _petroleumcontain a |arge quantity of heavy
co'ﬁg%@ﬁ%@rﬁ#@wﬂgﬂlc@ntﬁﬂwédhﬁﬁﬁwswfd sludge, it is
i nevitabl e
L. Feeding the heavy hydrocarbons of petfroleum to a fixed or
ebullated-bed reactor with a hydrotreatment catalyst, whose principal

effect is the hydrodemetallization of the heavy hydrocarbons of

petroleum and the hydrocracking of asphaltenes, and

IR Feeding the heavy hydrocarbon of petroleum hydrotreated in stage |
to a fixed or ebullated-bed reactor with a hydrotreatment catalyst, for
a deeper effect of hydrodesulfurization and hydrodenitrogenation of

the heavy hydrocarbon of petroleum.

10
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that they are fornmed during hydrotreatnent, wherefore
the process of the present invention is carried out
by the conbi nati on of | ow pressure operating
conditions, of 5 the type of reactor and of the type

of feedstgck, t e drotreated, which together )
o S e BEn it b ioCaiae of RAGleUn contein a large
nitrogen and asphaltenes, as well as limting the
quegtityael e \of coyeppwrds Breswsas Wi gediraentsiang sludge, it is inevitable
hydrotreated hydrocarbon of inproved properties. In
thaththey dre forsned duting biyd nadrediaent, iveherbfotg ¢heupeo ceadi ofehe present
are conpounds that o0 are produced during the

invatdiontis e@tﬂ&lﬁiutﬂ:@ﬁﬁbid@ﬁ@bih@ﬁ&ﬂ@ﬂowﬁ'ehyﬁb%élﬁ#h@ ﬁogéﬂitions, of
as by

resins and |ight asphaltenic fractions, as we

th% ggaedéﬁiegxio?tén%f%e méﬁf fe%ﬁ%%ﬁg %%Shﬁrﬁﬁgé‘tlﬁegmhﬁh together

vy hydrocar bons; educi ng nut'ua y

o edi ation apd the formation
prdyiic gionshpfiat 08 rsmevarar ol sl ¥tfadsl] AinesPpdlenes, as
y the attrition of the hydrotreatnent catalyst durin%
wellips lipfing, the forgiatiopicsedimentss apd sfudags|tg gqlifain a hydrotreated
ebul | at ed-bed reactors. It is also inportant to note
hydregarhoresf impsovedprapentiés conducted at | ow pressures,
as is done in the present invention, the hydrocracking
of Imtreatyit id wacthi rotingothab tey gludgeramebsddingents apetomipeunts that
is carried out noderately, in such a way that a

aref"t?ﬁ&!lﬁie@i SQANE 5 WydRStrddttrenB PESERIS thro IS & HyArdGdcking of

is al so 20 observed that when the procéss Is

¢ i o _ 0 . s .
rod, oty BptRlteRlse PRI GHEP e M SL ik isHRyatdH B heavy
t.herefore the, .process of the present |nyentjon i .
asphAilengs BRRSCRY, I HEaVynBYHRCAINS! Bolediting, dhe mutual solubility
operating conditions, of the type of reactor and of

theregf, tycauses sediaentationt angdhe Hoematioreaf slidgehiAniether source of
together limt the formation of sedi nents and sl udge.

formatiogh ef spdimeraatis by thoatiitienaitthe mydrdtreaimeats chtalysd during the
that, surprisingly, the

operation, which occurs preferably in ebullated-bed reactors.

It is also important to note that when the reaction is conducted at low

pressures, as is done in the present invention, the hydrocracking of heavy

fractions of heavy hydrocarbons of petroleum is carried out moderately, in such a

way that a moderate conversion of the feedstock is also attained. It is also

- observed that when the process is performed in low-pressure operating

. conditions, this favors the formation of sediments and sliudge, therefore the

process of the present invention is carried out by the combination of low-pressure

- operating conditions, of the type of reactor and of the type of feedstock to be

hydrotreated, which together limit the formation of sediments and sludge.

11
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properties of the feedstock are inproved and the
formati on of sedinents and sludge in the product is
limted by being carried out in two stages of reaction
in the |ow pressure operating conditions that are

menti oned.hereunder: 5 FRAME | .General operatjn ..
Condie PBRLCHTI i 158, niReal Mvopip e B, Swrgdsiggly. the
operation Pressure, kg /CWM240-130 Tenperature,
preenigs afothep frassiegioara ympraved) andg-the. ferrgation of sediments and
Hydr ogen/ Hydr ocarbon ratio (H2/HC), normal liters by
sludgeeingheforédied 3¢ rmited hly/Heirgs Oartiedaiut it heo sprpisfofraadtian in the
t he applicant has found that the | ow pressure
low{preSiLire @peeati ciriditis thatf aka®lentdeed ReRundBAVE 11
General operating conditions with | ow pressure for the
step | PARAMETERRange of operationPreferred range of |
operation Catal ystSel ective towards
hydr odenet al | i zati on of hy&AMBAbons and hydrocracki ng
of asphal tenes Pressure, kg/cM40-13045-90
Tenper at ur@enécl 2petsling CotilitiGps adth w qiregsure

.haon
PARAMETER General range of operation
Pressure, kg/cm? 40 - 130
Temperature, °C 320 -450
Space-velocity (LHSV), h™ 0.2-3.0
Hydrogen/Hydrocarbon ratio (Ho/HC), normal
14 . 350 - 1,200
liters by liters of feedstock (nl/l})

More specifically, the applicant has found that the low-pressure operating

conditions for each step are:

FRAME II

General operating conditions with low pressure for the step |

- Preferred range of
PARAMETER Range of operation operation
Catalyst Selective towards hydrodemetallization of
hydrocarbons and hydrocracking of asphaltenes
Pressure, kg/cm? 40 - 130 45 - 90
Temperature, °C 320 - 450 350 - 450
Space-velocity (LHSV),h™ 0.2-3.0 0.2-2
Hydrogen/Hydrocarbon
Lratio (HoHC), nif 350 - 1,200 450 - 1,050

12
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ratio (H2/HC), nl/1350-1, 200450-1, 050 12 FRAME ||
Ceneral operating conditions with | ow pressure for the
step Il PARAMETERRange of operationPreferred range of
operation Catal ystSel ective towards

hydr odesul furi zati on and %ﬁgeﬂu trogenation of

hydr ocar bons Pressure, kg 13045 - 90
Tenperature, C320 - 450330 - 450 Space-vel oci tz

( LHS\fPeneral @perating conditionsy withylow ryessurerfiosthe step

.00 ol 4 Fa¥Wmilal Lt

ot PARAMETERN r of [ o Ramglofeopetatiors. [sed TERCRS P0G of
ctionldiffer in their phisical operation

C%gsg{ cal and textura| pr §steativedowardschydreéssiifusization and
ITferent selectivitly for hymodenmmlenaﬁormoﬁhﬁ?mnﬁMS
The hydr pcar bons hydf otreat gd the pr¢cess of the
Prﬁ?%‘érgxggfi%m/enti on pfesent ‘@)o"ni%%erabl eti nprovement
in their properties,|conpared with the heavy
Taweprebebdn fed in, pn modd2Qi-#§0princi pal |y t B30 — 450
follow ng specific pyoperties: APl io gfavity up to
Spmuer@locint@HBVShUni ks and cerBant of distillate—2
recoveh?/g @538C byl up to approxi mately 50 % by

FNGP YRR

@Y with thefeed, ,mith a finimu
ratim(H#HC) afllisedi ment § and ?%ﬁdée?&?t shofil d be H3reh050

trat—att IIng:I i Q:I quallt; tHes—of— pt-rtes—are
renoved fromthe heavy hydrocarbon of petroleum the

rocess of the present invention b
P ?t is ﬁnportant topnote that the hydrotrea%/ment catalysts used in the two

stages of reaction differ in their physical, chemical and textural properties, which
results in different seleciivity for the removal of contaminants.
The hydrocarbons hydrotreated by the process of the present invention

present considerable improvements in their properties, compared with the heavy

‘hydrocarbon fed in, on modifying principaily the following specific properties: API

gravity up to approximately 15 units and content of distillates recovered @ 538°C
by up to approximately 50 % by volume, compared with the feed, with a minimum
content of sediments and sludge.

It should be noted that although high quantities of impurities are removed
from the heavy hydrocarbon of petroleum, the process of the present invention by
being carried out through the combination of low-pressure operating conditions, of

the type of reactor and of the type of feedstock to be hydrotreated, it unexpectedly

~maintains a low content of sediments and sludge, without producing blockages

due to these materials during its continuous operation.

13
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15 being carried out through the conbination of

| ow pressure operating conditions, of the type of

reactor and of the type of feedstock to be

hydrotreat ed, it unexpect edly maintains a | ow content

e&edl ment nd sl ud wi, t hout produci ng bl ockages
BriRESEO ARt RTPSE dﬁrﬁh@g Present JAvemiklusa mixture of heavy

operatl on. 13 According to the process of the present
hyidieeatbpas of getolaum andihyssagen i prrheeded tnthest reach its reaction

petrol eum and hydrogen is preheated to then reach its
tempecatuomin a dirperfatleatern a direct fire heater. In the

first reaction stage, the m xture of heavy

hy dih as@ rfpgineaefio Stddd, fHEYmixtAB o WEHWYIRrbsarb8fls Id? petroleum
t he cat al yt| c hydrotreat ment reactor in the conditions

ar{]degy&i{?g]@ B éiﬁrt(% ythﬁgcélg hytik NEvd rg%éfrﬁéﬁt cgosrpwalﬂ%ee conditions

I zation an hyd crac |ng 0
r|n aII red uant it heav met l.s .
reﬁ éhn gﬁ"%%acﬁ gg?ggggﬁ{qr%?tﬁ@ a -h,yéirocrackmg
thevlume of distillates. paral l el, other

of . ashbeftenes s}UEW'P&é|Yh\y’%¢lﬁa'é§Jhﬁuﬁﬁ@thfYcﬁf Beavy metals (Nickel and
hydrodeni trogenation are carried out. 10 Subsequently,

Vanadiugn¥ ane substaotialiyhinctéasing treavoluoe eft digtilates dagparallel, other
second reaction stage of hydrotreatnent, where deep

redutione deshldsthyidredésufudngtiornsad ﬂﬁdmd@hﬂ@ﬁ@‘ah@ﬁ afé eafrle”] out.
princi pal reactions, reducing the total sulfur content

t 0sabbey@ntlye @e e fiohe i ‘?iﬁé{%af:qiﬁn isf ;P%’ée@gltﬁ a second

in a conventional refining n paral her

rer%c?@ﬁt '&Q Slb?h g%tﬁgg @h&ﬁﬁaﬁé% MrodRulfurization and

rocr a %i ng a
enet al.l i zat| on cat al
hy@%ﬁ?ﬂ@@&&@hw 48 43 prinGiPal FHagiens pcyBinet e B siur contont
catal yst, whereas the hydrodesul furization catal yst
to @Hissp! erpvibgddni thet Rodsist dor itsetieainuentsinageconveational refining
cobal t - nol ybdenum based catal yst; both catal ysts use
scfemmel uln npanafjehmether swgmgtions such as hydrodemetallization and
hydrocracking are carried out.

The hydrodemetallization catalyst (HDM) employed in the first reaction stage
is a nickel-molybdenum-based catalyst, whereas the hydrodesulfurization catalyst
(HDS) employed in the second reaction stage is a cobalt-molybdenum-based
catalyst; both catalysts use an aluminum gamma as support.

The HDM catalyst exhibits a low surface area and a pore diameter and pore

volume higher than the HDS catalyst. The pores of the HDM catalyst are more

~concentrated in the region of 100 fo 250 Angstrom (~70 %) whereas for the HDS

-catalyst, the region with most concentration of pores is from 50 to 100 Angstrom

(~60 %). The HDM catalyst has approximately 20 % of pores greater than 250

14
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20 The HDM catal yst exhibits a | ow surface area and a

pore di aneter and pore volune higher than the HDS

catal yst. The pores of the HDM catal yst are nore

concentrat ed in the regi on of 100 to 250 Angstrom( 70
vvhere s for_the cat al yst, n,wt
Eoéh't\’" Bre 4 @R 9f e s 4ess Barogonigit farHDS catalyst

% . The. HDM catal yst has approxi mately 20 % of
(S%ﬂ'@biﬂﬁ%aﬂérwﬂhan 250 14 Angstrom whereas this

region of pores is less than 0.5 % in the H DS

catldley principsb@dVablags 8f dhel frésentThreveptiomcis pildat the process of

advant age of the present invention is that the process

catdlytic alyatotidatmbit bPhEaR) FyAroirbORR vy pRIEIRER! RARH |9|fesent an
petrol eum which present an 5 APl gravity |ower than

Allilg%ﬁﬁf rl]cgu}']&gigfafur%Sﬂén(f' SEontbAt 81Sdfsﬁ 4§ rr?&j%\@?ﬁg@%%w lower

Yy VO IS carrl

GRE 3 Bl PR RS oGl tbr?e%spzse aerating

rotreated, i ch together prOV|de a hi gh capacity
COPﬁﬁlor'%n% *MP@%{%@@N apAaiithe type phigedsiged to be hydrotreated,

asphaltenes, as well as limting the formation of
whiclhifagsiiter prowidel aibigh capaaitytfar removal diyeials; satfer nitrogen and
hydr ocar bon of inproved properties. The | ow pressure

asphaitartasngs veainal limiting, thie fomhatedn dheedienisandtludge, to obtain a
present invention is carried out are, generally,

hydfbeated TaAR&FbOM dff ﬁ\'ii?ro%red WhebertRs. fHe W?ré&%ﬁé' &pkrating

stage there are specific or preferab y ranges

ondi.t
copdiliofis "I Wit e aﬁ“&@%@%t% %P%ﬁ%plﬁhe@ﬁ@aﬁ#a"r'ed out are,
deser i dbe OWtI@ F__efl hart f fiqu
9ENPTA %L IPE PTEFRNCO UL T THAG ' WORFE 88 ?rh%acgbfﬂﬁcBaﬂtStQQﬁ there are
carrying out the process proposed in the present
Spedilie Rt PErferabiherangesyofigWreasweronsaraiing condtians as presented in
indicated in the line (1), is introduced to
Frames Ii and lll respectively.
Specifically, described below is the flow chart of figure 1 which illustrates the
best way known to the applicant for carrying out the process proposed in the

present invention:

The heavy hydrocarbon of petroleum indicated in the line (1), is introduced to
a feed tank (2), and is conducted through the pump (3) in order to be mixed with
the hydrogen indicated with the line (7), which is constituted by a part of the fresh
hydrogen (5) and recycle hydrogen (36).

The fresh hydrogen indicated by the line (4) is divided into two parts, the first

part (5) is injected together with the recycle hydrogen (36) to the heavy

hydrocarbon of petroleum (1), to be conducted mixed (8) to the catalytic reactor of
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a feed tank (2), and is conducted through the punp (3)
in order to be mxed with 20 the hydrogen indicated
with the line (7), which is constituted by a part of
the fresh hydrogen (5) and recycle hydrogen (36). The

fre drogen i ndi cate .the line (4) is divided

stage i??\% %‘Q%?‘?, S%Q?é‘dff?qrgt(gy‘ﬁaﬁetm t8)2 fhe F@ﬁﬂg’&lﬁé&aﬂw of stage i
together with the recycle hydrogen (36) to the heavy

(1BYdr ocar bon of petroleum (1), to be conducted nixed
(8) to the catalytic reactor of 15 stage 1 (12); and

t hdteefemadd mixtute ©6)hyidsogan(8) s praHeatedivathy thee effegtit drom the
of stage Il (15). The feed mixture of hydrogen (8) is

refcteh er8)adrodghha hBat ekdHameset (9, %ﬁﬂéﬁraié@%i&h?éﬂa@re by means

t hrough a heat exchanger (9), to then raise
t ' N 0 :
O PR el (TR o fard EHERL (118 CoFflueled EPhre catavtc
reb A bERage ! T EFE he AL tsiigRrafLES MdiFatpSURETAME T n orderto
rincipal | thﬁ reactions of hydrodenetallization and .
CaEryoqu f&&@%,t gJeaghions gt hydigdeaiaialization andthysikacragking, as
a | esser degree of hydrodesul furization and

wellyap egmplamerfanaréaniionstoTh dessen diegred vl mydradesetfuiization and
the first reaction stage (13) is mxed with another

hygmdenitfogeinatibn.esh hydrogen indi cated by the line (6),
in order to forma stream(14) that is introduced to

t hgheapidyikt hydrRAFdEd Oh B 9Rstlleddliph. ?%?’?L glt?a) is miéed with

principally the reactions of hydrodesul I‘on an

on SAFCH UROFREN 1Ry GEAE P i, 8 851 n B o fom
sl PO R R A oo 5 Sl 4. where
prigésgl& il%el gpggti@ps{ CI)%;J ﬁ;@géggjﬁ%{giig;igmthr;(%r(t)c\iNeonitrogenation are
carried out, as well as complementary reactions to a lesser degree of
hydrodemetallization and hydrocracking, according to the low-pressure operating
conditions indicated in Frame IlI.

The product hydrotreated in the two reaction stages (16) is cooled by means
of a heat. exchanger (9), subjected to an injection of scrubbing water (18) and
further cooled by means of a heat exchanger (17), in order to then be conducted
to the high pressure separator (19), where the liquid-vapor separation is effected.

The separated vapor (21), basically constituted by hydrogen and hydrogen

sulfide, is divided into two parts: a) the first part of the vapor (23) is conducted to a

suction tank of the compressor (32), where the light liquid hydrocarbons are

separated (33} from the stream rich in hydrogen (34) which is recycled into the

16
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of a heat exchanger (9), subjected to an injection of

scrubbing water (18) and further cool ed by neans of a
heat exchanger (17), in order to then be conducted 20

to the high pressure separator (19), where the

| iquid-yapor separation, is effected.. The separated

Progis By S ComBaRaar 135 Bh e sartad Tt 60 theoGET 4a0) © conducted
hydrogen sulfide, is divided into two parts: a) the

torgous gap smeeigning eAddiionally #) this highriresseié sepasafor, an excess of
suction tank of the conpressor (32), where the |ight

rebidgal sburywdatec i distainedrehick épeordunted 8Byvaferdreatinent.
streamrich in hydrogen (34) which is recycled into

t heThibliquid effenpy22)that EoMERBIAE dniPbhialdalis @is§a08dth the sour
part of the vapor (27) is conducted to sour gas

wateP G5 e 8bpsratedfl Grdrh OfiRY 'H&drétpeéégbspm&laf PP Sdnducted to water
separator, an excess of ° residual "sour water 1S

tr %anh ed which is conducted to water treatnent. The

eIlqw effluent (22) that contains the ammonia salts

di a.j_'(éltlyed [ the@iﬁl#r 5 water is separated fromthe
hy digtliasid etiluspbEr drom dhe Bishrressuresanaraler (19) is introduced to
treatnent. The liquid effluent (20) fromthe
anmgangioss@lve(Zbgarcbiain a liglid -svaiper stréane(@5),owvhigh is introduced
expansi on valve (24) to obtain a liquid -- vapor
to st seeond 2Bparatbi operated rdtr loduprssute (26 fsmdwhich a stream of
separator operated at |ow pressure (26), fromwhich a

reﬁ@itﬁeﬂa?%Qf(ZBP i$ SHtaHal, WicH I)sent t9bgAdde theatthbit Pia?lrt] for the

sent gases treatnent plant for the recovery o

' y i.ned in. proce t
rocohBR, P e TR A SBABORS CobBire i e BlofFas, Of  thggprosont
. In.the | ow pressure separator (26) is conducted
'”VPHP%fergh a punp (31) to battery limts for its

processing in the 15 conventional refining schene or .

f of het iquid effldent (BPYmibtaiped owaithe lowrpressurs separator (26) is

Addi tionally, an excess of residual sour water (29) is
conduciea etthrough ha spurepa(3t)ota battery limits for its processing in the
conventional refining scheme or for its sale as a light hydrocarbon of petroleum.
Additionally, an excess of residual sour water (29) is obtained in this separator,

which is sent to water treatment.

EXAMPLES

To better illustrate the process of the present invention, below are examples

to support the foregoing, which does not limit the scope of what is claimed herein.
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which is sent to water treatnent. EXAMPLES 20 To
better illustrate the process of the present

i nvention, below are exanples to support the

foregoi ng, which does not |limt the scope of what is

claimed herein. 17 EXANPE%Nél.EpeCi fic application of

the process of catalytic éat nent of heavy

hydr ocarbons of petroleum the notive of the present

i nfeBPEEIC appligatien wfdheypoeass of aatalyiie hytimtreatment of heavy

conventional refining schenme or for its sale as a
hydyatrasbandohpetroletm, ipe maotide mf dipe présemit invientiba, onebthimad typical

was carried out on hydrotreating heavy crude with the

fesistotk for ®rcoposhtictfal réingsehenrsenfdidtd Saléad 8 Hydrocarbon of
t hrough the conbination of |ow pressure operating

] oy . ,
R B Sricatls BleorR Al e e gt oy AT ealY crude
. . hydr od furization catalysts,(H .
il i P RS et e A Rba oA A THAR 1 St Ry fe. ombination

ﬁﬁet her denonstrate that although surprisingly they
of JRWPEGRSUSE gibier atingheondibionsy Hat gire rbouirs in Talblgl 2.5 tver stages of
_asphaltenes and total nitrogen, the formation of
fixeddedenteadiind sandgehes usexpdct bytirpdeineitalizgtionnd (BB)  and
hydr ot reat ed hydrocarbon of inproved properties that
hydwdesealaridatidni catdlgblsq HD$ 5 wilisel mregertibsbare presbnted in Table 3;
that the feed does not contain sedi nents and sl udge,

whidhn €8gether daafthstate tRAMBRhIWAT sEASHSMEY tﬁlég &Sr'g%\lregfsignificant

the reactions of the hydrotreatment proces
h . t .
oL g PO, 26804 REEdhg 368 i e ormation of
| f f .44 %D ight to 0.66 % i ght,
sedthanis abfiedidoc f dApatesdly isiG: apd dbe dlaralredles pydrocarbon
wei ght and the total
of improved properties that is presented in Table 4 is obtained.

Table 1 shows that the feed does not contain sediments and sludge, since

these are formed when carrying out each of the reactions of the hydrotreatment

process.

Table 4 shows that the metals are reduced, after the two reaction stages,

from 353.5 wppm to 113.8 wppm, sulfur from 3.44 % by weight to 0.66 % by

weight, asphaltenes from 12.4 % by weight peso a 4.67 % by weight and the tofal

nitrogen from 3,700 wppm to 2,045 wppm.

18



20 nitrogen from 3,700 wopmto 2,045 wopm 18 Table 1

Properties of a heavy crude Properti esASTM
Met hodVal ues APl GravityD 28720.91 Tot al

sul fur,

wei ght %0 42943. 44 Total nitrogen, wopnD- 46293, 700

Asphal t enes, wei ght %O 327912._4 Met al s,
Sedi nents and sl udge, wei ght Jﬂbi%ﬂoo. 0

wppm 353.5 N +V
Conposi tion,

vol ume% 15. 6 Fraction |BP-170C Fraction 170-360C25.5
Fracti on 360-538C2RropertigstafenheawCenrd® Fraction
I BP-538C162.5 19 Table 2 Operating conditions with | ow

pressure fRropehesat al ytic hydasThvERetRed Of a VArRRYY

crude in two fixed-bed reactions stages

API Gravity D-287
Total sulfur, weight% D-4294
Total nitrogen, wppm D-4629
Asphaltenes, weight% | D-3279

Metals, wppm
Ni+V
Sediments and sludge, weight% D-4870
Composition, volume%
Fraction IBP-170°C
Fraction 170-360°C
Fraction 360-538°C
Fraction 538°C*

Fraction iBP-538°C"

20.91
3.44
3,700

12.4

3563.5

0.0

15.6
25.5
21.4
37.5

62.5

19
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Stage Operating conditions 111 Tenperature, C400400
Pressure, kglcn27070 LHSV, h"11.00.5 H2/HC ratio, nil
1 890890 s Also, said table shows that when significant
renoval s of contam nants are attai ned after
perform ng the hydrotreatmg ‘g DT) of the heavy
crude, the formation of sé&@ ts and sludge is 0.65
% by wei ght; a value |ower than the acceptable limt
Oeerailrw wnshtmswth lpw pregsiure fonthercatalytiohydrefregtment of a
the operation of these processes. i0 The sane table
reports thdteaviyecrisele igrtad fiyedhedaaaetiohns®tagés 9l to
28.93 APl and the content of distillates recovered @
538C from62.5 to 88.1 % Dby Vol Une, Olgighel Ng a
conver si on Mhefalihgl SSitFtiens of 68.3 % by Vol une. 20
Tabl e 3 Properti es of HDM and HDS catal ysts eE'pI oyed
in each reaction stage Properti esHDM cat al yst

cat al ysTReaet—gﬁﬁji—aga—H—Phw—eaJ—ﬁr—epe{—t—i—ga%%e
cm 0. 2548MHAYEs dce area, n2/ g178948 Pore 98P une

CﬂBlgO 560. 51

Pressure, kg/cm? 70 70
LHSV, h™ 1.0 0.5
Ho/HC ratio, nl/ | 890 890

Also, said table shows that when significant removals of contaminants are

attained after performing the hydrotreatment (HDT) of the heavy crude, the

- formation of sediments and sludge is 0.65 % by weight; a value lower than the

acceptable limit of 0.8 % by weight, in order to maintain continuity in the operation
of these processes.

The same table reports that the API gravity increases from 20.91 to 28.93°
APl and the content of distillates recovered @ 538°C from 62.5 to 88.1 % by

volume, obtain_ing a conversion of the feedstock of 68.3 % by volume.
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Mean pore di aneter,

A 12791 Pore size distribution,
vol % < 50 A3.0918.32 50-100 A6. 7158. 45 100- 250

A69. 0922. 84 250-500 A1l5.020.23 500-2000 A6.090.16 >

2000 A------ Chemi cal
10.66 12.89 N ckel, %eso_2.88 ---
2.5 Sodium wppm 412 --- Tab a,

properties Ml ybdenum

%peso
%peso ---
%eso 3.73 3.2 21

Tabl e 4 Properties and conposition of a hydrotreated
cPrerentiessf i D¥casd M satalystsamaioyedvin each readfion stage

reactorsll APl GavityD 28725. 228. 93

Properties

HDM catalyst

HDS catalyst

Reaction stage

Physical properties
Size, cm.
Surface area, m%g
Pore volume, cm®/g
Mean pore diameter, A
Pore size distribution, vol%
<50 A
50-100 A
100-250 A
250-500 A
500-2000 A
>2000A

Chemical properties
Molybdenum, %peso
Nickel, %peso
Cobal, %peso
Sodium, wppm

Titania, %peso

0.254
175
0.56

127

3.09
6.71
69.09
15.02

6.09

10.66

2.88

412

3.73

l

0.168
248
0.51

91

18.32
58.45
22.84
0.23

0.16
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Total sul fur, weight% 42941. 770.66 Total nitrogen,

wppnD- 46292, 6162, 045 Asphal t enes,

wei ght %0 32798. 294. 67 Metal s, wppm 228.7113.8 N +V

Sedi nents and sl udge, w %D 48700. 120. 65 Conver si on,

vol unme%36. 068. 3 Conposition, vol ume% Fraction

| BP- 170C15. 619. 3 Fracti on iae3b0C28. 137. 6 Fracti on

360-538C32. 331. 2 Fraction 538C+24.011.9 Fraction

| BP- 538CPropedies ant compositionodft ahyddotseated ¢rawde wi t h

the process of catalytic hydrotreatnent of heavy

hydr ocar bons of the presagimMnvention, through the

conbi Fbheried | ow pressure operatigTagGendi ti ons gTAGE Il

the type of reactor andppfinblae type of feedstock to

be hydrotreated, significant quantities of
A} d Al C© enovet——ant 1€ Ot 18 O

Fedte-ahd sl udge i s unexpectedly IﬁMted, to
[Jevel bel ow the acceptable Iimt that guarantees the

AFISHaVRi ty of the industPra? operati of9-2f urt her
obt ai ni ng a notabl e conversion of the feedstock to

Topa! sulide veeighille ot r eat ed Dg@®écar bon of.77npr oved 0.66
properties with | evels of contam nants, APl gravity

Total shitbogding Wipplnat es wi t hi MD-#BRAr anges Nl y repor t2g4s
in the feeds typical to refining

Asphaltenes, weight% D-3279 8.29 4.67

Metals, wppm

Ni+V 228.7 113.8
Sediments and sludge, wt% D-4870 0.12 0.65
Conversion, volume% 36.0 68.3

Composition, volume%

Fraction IBP-170°C 15.6 19.3
Fraction 170-360°C 28.1 37.6
Fraction 360-538°C 32.3 31.2
Fraction 538°C* 24.0 11.9
Fraction IBP-538°C" 76.0 88.1

The results obtained show that, with the process of catalytic hydrotreatment
of heavy hydrocarbons of the present invention, through the combination of low-
pressure operating conditions, of the type of reactor and of the type of feedstock

to be hydrotreated, significant quantities of contaminants are removed and the
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schemes. In that regard, it is inportant to note that
the conversion of the feedstock is calculated with
the foll owi ng equation: 10 Conversion = (Fraction
538C in the feedstock) - (Fraction 538C in the
roduct) X100 (Fraction 538C in the feedstock)
foimalinn ef segipenisrang sluddecisawperrastedly ligtitadado Jevaledelow the
of catalytic hydrotreatnent of heavy hydrocarbons of
agseptable limitothat igeapanisesthe poetinuitynof ite indesiiak opkiation, further
was 15. carried out on hydrotreating the heavy crude
obddingwap Ingtdble vedrversionspf ahé | feclERIRR! t0 gftodedrd afidrdtreated
Table 1, through the conbination of | ow pressure

hydRSEaboM @f iHPRA ﬂ'&?et‘tl&t with fe IO W doQEaT@i@éﬁts? API"r8vity and

catal ytic sySstemi wo stages of fixe reaction

; . e le . -
aitigtes RHFE U rahdes Bt FeRorEd Snhe HRAR Stk to refining
bo et her denonstrate notably that the 20 formation of
SCUEURent s and sludge is linmted, as well as attaining
significant renovals of netals, total sulfur
as g'hmﬂtéﬁgérdanw& igirgrtant to pgtnthaitbe sonuemianot the feedstock is
hydr ot reat ed hydrocarbon of inproved properties shown
calcnlatedh with@he Bollawing Elgaatiorevi ous exanple, for this
specific application of the invention, only the
pressure was nodified (to a | ower value) and the space
velocity (to a 23 higher value) in the second reaction

stage of .t he. pr, . Jn.order. .t rend e. .process
Covage LTSRS R htedio Bt  SnaPLBRED 100

conditions of |ow [Feston&38°Cf i the faedptecidf react or

and the type of feedstock to be hydrotreated w thout

any change. 5

EXAMPLE 2

Another specific application of the process of catalytic hydrotreatment of
heavy hydrocarbons of petroleum of the present invention, is the one which was
carried out on hydrotreating the heavy crude of example 1, with the specific
properties reported in Table 1, through the combination of low-pressure operating
conditions that are shown in Table 5, in a catalytic system in two stages of fixed-
bed reaction and the use of HDM and HDS catalysts of example 1, whose
properties are presented in Table 3; which together demonstrate notably that the
formation of sediments and sludge is limited, as well as attaining significant
removals of metals, total sulfur, asphaltenes and total nitrogen, and obtaining the

hydrotreated hydrocarbon of improved properties shown in Table 6.
Unlike the previous example, for this specific application of the invention,

only the pressure was modified (to a lower value) and the space velocity (to a
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.h'"'1.Q01.0. / HC tio, il
higher valie) inbiie edon Raglion stdgis

Table 5 Operating conditions with | ow pressure for the
catal ytic hydrotreatnent of a heavy crude in two
fi xed-bed reacti ons stages Stage Operating conditions
1l Tenperature, C400400 Pressure, kglcnm27054 LHSV,
8908 10 Tabl e 6 shows
‘982? BIRSEES sINRYGT &Q repder the
exanple 1, but significantly so after the two »
Preeass eyan Jesyseverer bht presavingpthe ethesDpergling cenditions of low
from3.44 % by weight to 0.802 % by wei ght,
prasgirel oérbs typemfl@attordamy theitghe dfofeedétbcko toybarigindtreated
and total nitrogen from3,700 wopmto 2,310 wppm 15
without BeyshafAgesai d tabl e shows that even when there are
i mportant renovals of contam nants after carrying out
the HDT of the heavy crude, the formation of
sedi nents and sludge is surprisingly 0.32 % by wei ght;
a val ue notably | ower than.'. th&eaccept able limt of
0.8 % by weight, to mai nta?’PlP continuity of the
Operitirlg eonditionishivithtlpwepissire 66 iRScatafytichl@rdtreatment of a

Properties and conposition of a hydrotreated crude
Propert i es RgAVY crude in two fixed-bed reactions stages

Stage
Operating conditions
i |
Temperature, °C 400 400
Pressure, kg/cm? 70 54
LHSV, h' 1.0 1.0
Ho/HC ratio, nlf | 890 890

Table 6 shows that the metals are reduced, not so surprisingly as in example
1, but significantly so after the two reaction stages, from 353.5 wppm to 135
wppm, sulfur from 3.44 % by weight to 0.802 % by weight, asphaltenes from 12.4
% by weight to 5.41 % by weight and total nitrogen from 3,700 wppm fo 2,310
wppm.

Furthermore, said table shows that even when there are important removals
of contaminants after carrying out the HDT of the heavy crude, the formation of

sediments and sludge is surprisingly 0.32 % by weight; a value notably lower than

- the acceptable limit of 0.8 % by weight, to maintain the continuity of the operation

| of this type of processes.
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STAGE Il STAGE | Method Nunber of reactorsl1l API
GravityD 28725. 227.52 Total sulfur,

wei ght % 42941. 770. 802 Total nitrogen,

wppnD- 46292, 6162, 310 Asphal t enes,

wei ght %0- 32798. 295. 41 Met al s, pm 228. 7135 N +V
Sedi nents and sl udge, wt %ﬂﬁ%‘?gg. 120. 32 Conver si on,

| Bp- 170craopertey AaeROsuio et P ufagepted brude,

360-538C32. 333. 0 Fracti oASGMC+24. 021. 6 Fraction

| BP- 53%0péfti®g 8. 4 The sane tabl e regTAGElhat the SHAGE Il
gravity increases from gefhbd © 27.52 APl and the
content of distillates recovered @538C from62.5 to

[?I? % Jr ome, —obtarning—a conversiponof—the—feed

No b erZfJéé/gtr?; vol unme, a val ue | ower tth:lm t he one L
ainped in exanple 1, bpt the sa i me

| A@%ﬁ"&)’cant, gi ven t hat Bt'@f@ severi t{/TE%’% the proces%d’ -2

was abl e to be reduced.
Total sulfur, weight% D-4294 1.77 0.802
Total nitrogen, wppm D-4629 2,616 2,310
Asphaltenes, weight% D-3279 8.29 5.41

Metals, wppm

Ni+V 228.7 135
Sediments and sludge, wt% D-4870 0.12 0.32
Conversion, volume% 36.0 42.4

Composition, volume%

Fraction IBP-170°C 15.6 16.8
Fraction 170-360°C 28.1 28.6
Fraction 360-538°C 32.3 33.0
Fraction 538°C* 24.0 21.6
_Fraction IBP-538°C* | 76.0 78.4

The same table reports that the API gravity increases from 20.91 to 27.52°

APl and the content of distillates recovered @ 538°C from 62.5 to 78.4 % by

volume, obtaining a conversion of the feed of 42.4 % by volume, a value lower
than the one obtained in example 1, but at the same time significant, given that

the severity of the process was able to be reduced.
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25 The results obtained confirmthat the present
invention, in one of its preferred nodalities, by
rendering the process of catal ytic hydrotreatnment of
heavy hydrocarbons | ess severe, through the

conbi nat i of |.ow pressur operating conditjons, of )
th%e\/ﬁﬁsﬁps PbLERER SORITeY thale ﬂ?eyr%eagntf JpepatigRk Th oomR of its
5 hydrotreated, surprisingly limts the formation of
pretediaske magalifies.s bMdgnderipg| tge procasst abloptalytice hydretreatment of
the acceptable limt that guarantees continuity of the
heiavgubydicabrbonpseleds aevesy ethibbghgthesi mitbinatiot of low-pressure
quantities of contam nants are renoved and a notable
opePatirRy soAditiohs,t dretHehg/p@eof feaitdrrbAg bft MiePfypdustictdstock to be
hydrotreated hydrocarbon of inproved properties. 10
hvErANR ; i f i-Cad J t
VRN o PRSIl RS e FoMRlonC S s ighys SRdRIRRR o levels
{ I finin che or for [ts sale @as . .
nofg Bkl 4hS dskB el na evdtenidgd Sfhuulty oF the industral
carrying out the catalytic hydrotreatnent of the heavy
opggation, gyegih jopdicank qyaptities efcerHaminsids fre removed and a
roperties reported in Table 1, through the
no i penvessionf of t the | gvarpe eés uattaiogdr tt | prgdoocadat ihydeotreated
shown in Table 7, in a catalytic systemin two stages

hydfocarbordefiabroest pioperiier] t he use of HDM and HDS
catal ysts of exanples 1 and 2, whose properties are
shown in Table 3; which together denonstrate that the
formation of sedinents and sludge is limted, 20 in

addition to attaining si E%Mfﬂ?g renmoval s of netals,
t

total sulfur, asphaltenes an al nitrogen, and

O b S Lo R UL R R RaRh BB ypcal feoc
fortsqr;igg@\?epnetgnfail ?efﬂ%% is%ﬁ(tagn%norp Fortipsessialgve?sngi fg);]d’ roggrlb%ntgfeimproved
properties, was done by carrying out the catalytic hydrotreatment of the heavy
crude of examples 1 and 2, with the specific properties reported in Table 1,
through the combination of: the low-pressure operating conditions shown in Table
7, in a catalytic system in two stages of fixed-bed reaction and the use of HDM
and HDS catalysts of examples 1 and 2, whose properties are shown in Table 3;
which together demonstrate that the formation of sediments and sludge is limited,
in addition to attaining significant removals of metals, total sulfur, asphaltenes and
total nitrogen, and obtaining the hydrotreated hydrocarbon of improved properties

shown in Table 8.

Unlike example 1, for this specific application of the invention, only the space

‘velocity was modified (to a higher value, as in example 2) in the second reaction
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velocity was nodified (to a higher value, as in
exanple 2) in the second reaction 26 stage of the
process, in order to render the process |ess severe
than that of exanple 1 but nore than exanple 2,

reserying the ofher, operati ondltlon of |ow
StR9R 20 fhe PIcesneint IETJP FASEY dhe hacest legiaevsre: hag that of

to be hydrotreated without any change. 5 Table 7
exayyeat]; %@i erRi thanexampler?, aseivingsihecother opaeating conditions of

catal ytic hydrotreatnment of a heavy crude in two
lowipreskure dofr thadyp® of resctaremdIhagepOpéfard tode bydibtreates without

1l Tenperature, C400400 Pressure, kg/cn27070 LHSV,
any-chbn@é. 0 H2/ HC ratio, nl/ 1890890 10 Table 8 reports

that the netals are reduced, alnost as surprisingly as

in exanple | after the two reaction stages, from

353.5 wopmto 119.4 wpopm sulfur from 3.44 % by

wei ght to 0.75 % by wei ght, ﬁ%ﬂh tenes from12.4 % by

weight to 4.72 % by wei ght /ot al nitrogen from
Operdlihg\boriditions With IoRDPResEUré f6F tHY @atamicdhyamtﬁeatment of a

shows that even though there are significant

renoval s ome@ymcanﬂﬁanttwOafﬂx%d-bedrreypngnglﬁtagﬁ% HDT of

t he heavy—crnﬂ'e——tﬂTe—f—ornmﬂ—cm—cﬁ—sefW
0
sludge is Q)pera(nby we a val ue evi ly | owner

g’con ons
I i

Temperature, °C 400 400
Pressure, kg/icm? 70 70
LHSV, h™ 1.0 1.0
Ho/HC ratio, nl/ I 890 890

Table 8 reports that the metals are reduced, almost as surprisingly as in
example 1 after the two reaction stages, from 353.5 wppm to 119.4 wppm, sulfur
from 3.44 % by weight to 0.75 % by weight, asphaltenes from 12.4 % by weight to
4.72 % by weight and total nitragen from 3,700 wppm to 2,075 wppm.

Furthermore, said table shows that even though there are significant

removals of contaminants after carrying out the HDT of the heavy crude, the

formation of sediments and sludge is 0.53 % by weight; a value evidently lower

than the acceptable limit of 0.80 % by weight, for maintaining continuity in the

“operation of this type of processes.
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than the acceptable Iimt of 0.80 % by weight, for

mai ntaining continuity in the operation of this type
of processes. 27 Table 8 Properties and conposition of
a hydrotreated crude Properti esASTM STACGE Il STACE |
Met hod Nunber of reactorslIAEI giavityl} 287 25.227.99
Total sul fur, wei ght %D 42943@®%790. 75 Total nitrogen,
wopnD- 4629 2, 6162, 075 Asphal t enes, wei ght %- 3279

8. 294. 72 Ruepgries apgraamposition of ajhydretreatasheridend

sl udge, wt %O 48700. 120. 53 Conversion, vol une¥36. 056. 0

Conposi tion, volume% Frag&STw | BP- 170C15. 617.5
Fract iPropkfle860C28. 133. 9 Fracti on IOAGBAC32. 332.8TAGE Il
Fraction 538C'' 24. 016. 5 Method

Number of reactors

API Gravity D-287 25.2 27.99
Total sulfur, weight% D-4294 1.77 0.75
Total nitrogen, wppm D-4629 2,616 2,075
Asphaltenes, weight% D-3279 8.29 472
Metals, wppm
Ni+V 228.7 119.4
Sediments and sludge, wt% D-4870 0.12 0.53
| Conversion, volume% 36.0 56.0
| Composition, volume%
Fraction IBP-170°C 15.6 17.5
Fraction 170-360°C 28.1 33.9
Fraction 360-538°C 32.3 32.1
Fraction 538°C* 24.0 16.5
Fraction IBP-538°C” 76.0 83.5
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Fraction I BP-538C}76.083.5 28 The sane table reports
that the APl gravity increases from 20.91 to 27.99

APl and the content of distillates recovered @538C
from62.5 to 83.5 % by volune, thereby obtaini ng a

ok SHAR (BRI GoerBanEl MSGAPh SER A ToRSah SO ey 1o 27.99"

that of exanmple 2, but 5 si gn|f| cant however,
A@h a@ﬂ thﬂaﬁorttmi oir distilateadecayered: @ 15383 drameR.Bttoad3.5 % by
internedi ate | evel of severity, with respect to
volixaeplheselly abiiring Bheormessibh ©f dive feetbdf 58.8f % bynvoloate, a value
with the process of catalytic hydrotreatnent of heavy

lowgdtteeatheohite 8btaint] Y &effiplel NeRbtHiger thiahthat of example 2, but
significant renovals of contam nants, the formation

a@’ﬁfuﬁf‘g' ﬁ@\ﬁég?rarqiveﬂ YASE the ;Zr‘é"ceéé SWQQ' 15 %o b Bﬁgratté?d at an

not ower t ant e acceptable lTmt t

ek L e e T S

oved [opertles is optained with |levels of

co gni 1pSHItS | oRtgingd o vealfinan gthad; vith | Hiees Pigasssn efhecatalytic

ranges conmonly reported in the feedstocks typical to
hydestrastmgnt o theawy hydsogxbams Bf 4harprasent: invealions paith fsignificant

application of the present invention is one that was

remavalsesf auttaiinamysrtherfoahation iofi sedimaents sarichsluigavy surprisingly
crude of exanples 1 through 3, wth the specific

limeaReNEVas nb@eﬂf?{ kﬁl@’eﬁ tﬁaﬁ%ﬁb Qckeptdbl gl thB€guarantees continuity
conbi nati on of | ow- pressur e operatl ng
o W S 0 8 BB e o
HDS t al yst f t . .
im e Properiis K Rblined Wb ievalt GhcentrgarRor R ggvity and

distillates within the ranges commonly reported in the feedstocks typical to refining

schemes.

EXAMPLE 4
An additional specific application of the present invention is one that was
carried out by hydrotreating in two runs the heavy crude of examples 1 through 3,
with the specific properties reported in Table 1, through the combination of the
low-pressure operating conditions shown in Table 9, in a catalytic system in two
stages of fixed-bed reaction and the use of HDM and HDS catalysts of examples

1 through 3, whose properties are shown in Table 3; which together in a

- surprisingly notable manner demonstrate that the formation of sediments and

sludge is limited, which is a viable option for obtaining feedstocks typical o the
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surprisingly notable manner denonstrate that the
formation of sedinents and sludge is |imted, which
is a viable option for obtaining feedstocks typical to
t he 29 conventional refining schenmes or for sale as a
h dr dr ocar bon of i mpr oved proPertles
ep % '@3’"1 pahemesoor (A jsple @gapphydretreptad tmmgocarbon of
speC|f|c application of the invention, nodifications

impep edhpropeties: Be is mpostestinrlable 0 ower val ues), the
pressure (to a lower value) 5 and the space velocity
(t dJrdikei exaenple &, der) thisspéeific applichtivaasitthe inedritpn, elodifications
the process, in order to render the process even | ess

wéreVinhle t61RS Qém @%t&n"éﬁ(t@tibﬁér vARRER the HreSatbt (k@ @.Slowfer value)
| ow pressure, the type of reactor and the type o

arlfge%egﬁac@%i&ﬁ tJ %aﬁ@ﬂel“v%'l%wmat% &0 ereaicﬁor-{ aﬁé&e of the

rating con I ONS =W pressure
in

tal y t h d

p*‘?(?%?%a 1 fiod Eocf?ftﬂ%? QR roSted evafi s SEHTR IMinsdiuing the other
|| Tenperature, C400360380 Pressure, kglcnR705454

OPEF%WQ mﬂo itipnscaf lowpresgtinea of the type of seacionsnd the bine affeed to

reports that the nmetals are reduced, not so

bedydpetreatad withaut any chlSngeaan'pI e 1 but significantly so
after the HDT, from 353.5 wpopmto 149.7 and 138.4

Table 9
Operating conditions with low pressure for the catalytic hydrotreatment of a
heavy crude in two fixed-bed reactions stages

Stage
Operating conditions
I | l
Temperature, °C 400 360 380
Pressure, kg/cm? 70 54 54
LHSV, h™ . 1.0 1.0 1.0
H2/HC ratio, nl/ | 890 890 890

Table 10 reports that the metals are reduced, not so surprisingly as in

example 1 but significantly so after the HDT, from 353.5 wppm to 149.7 and 138.4

- ~ wppm, sulfur from 3.44 % by weight to 1.12 and 0.89 % by weight, asphaltenes

from 12.4 % by weight to 6.41 and 5.65 % by weight and total nitrogen from 3,700
wppm fo 2,381 and 2,315 wppm, for each run at operating temperatures of 360

and 380°C in the second reaction stage, respectively.
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wppm sul fur from3.44 % by weight to 1.12 and 0.89 %
by wei ght, asphaltenes from 12.4 % by weight to 6.41
and 5.65 % by weight and total nitrogen from 3, 700
wppmto 2,381 and 2,315 wppm for each run at
operating tenperatures of ]Sqi)(i nd 380C in the second
reacti on stage, respective led§ Table 10 Properties
and conposition of a hydrotreated crude Properti esASTM
STAGE | | Repperties padieamppsitian afjatwdsetreatedcrude
400360380 Nunber of reactorslll API G avityD 287

25. 226. 2826. 72 Total sul f &ASTMei ght Y- 4294

1. 771. Popdvtidot al ni trogen, WopnBSTAGE | STAGE Il
2,6162, 3812, 315 Asphal t engathawgi ght %0- 3279
8.296.415.65 Metals, wppm 228.7149.7138.4 N +V

0, i - :
Nl}ln%grngf/o Fraction | BP-170C15. 616. 216. 5

reactors 1 1 1

API Gravity D-287 25.2 26.28 26.72
Total sulfur, weight% D-4294 1.77 1.12 0.89
Total nitrogen, wppm D-4629 2,616 2,381 2,315
Asphaltenes, weight% D-3279 8.29 6.41 5.65
Metals, wppm

Ni+V 228.7 149.7 138.4
Sediments and sludge, wt% D-4870 0.12 0.21 0.26

Conversion, volume% D-4870 36.0 36.3 39.7

Composition, volume%

Fraction IBP-170°C 15.6 16.2 16.5
Fraction 170-360°C 28.1 28.0 28.3
Fraction 360-538°C 32.3 31.9 32.6
Fraction 538°C" 24.0 23.9 226
Fraction IBP-538°C* 76.0 76.1 77.4
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Fraction 170-360C28. 128. 028. 3 Fracti on

360-538C32. 331. 932. 6 Fracti on 538C+24.023.922.6
Fraction | BP-538C}76.076.177.4 31 Furthernore, said
tabl e shows that even though there are significant

renmoval s of contam nants after carrying out the HDT of _
thg‘D HF@‘&VST/‘OE‘?-u&é! ttﬁ&e £OPWaEt fst eveRy ciionght thefggare significant

sludge is quite surprising, 0.21 and 0.26 % by wei ght
remﬁwaga@h contaminantse aler eattyingagut the 3HIT anfdthegbeawf crude, the
reaction tenperature, 5 respectively; these values are
formoatidy! gf $edierentdand tshelgacis epliteldueplising 0@ &hdB0%0% by weight
wei ght, for maintaining the continuity in the

fooreERt iupNirothd Reesndidisige @t FB°RRIS880°C UTerea@ii®n tteRplrature,
shows for each run that the APl gravity increases from

oA B00 R APl ok Ry SRR o 0 %
e T A T RN R —

are val ues | ower than the one obtained in _exanple 1
butlhgtsame tableshewadoreash rincthat e APl aravity dacreages from 20.91 -
severity of the process was able to be reduced. The

to 2628 vpddtfi. 32 &Pl ek thencortant ohdistilatesnmecoveredt @ 638°C from
intw of its preferred nodalities, by rendering the

625 wcPs.d arid TAUANYY Colopsl, Ahsredly IbMinRlg #edMVersith of the feed of
hydr ocar bons even | ess severe, through the conbi nation

o L -
36% ahQ@\¥f BeP sﬂé;tﬁ/t \?}k@ﬁl{i‘\%b ‘éﬂ‘g%fF?F@ LhieeSowef gﬁeg]'?tﬁé’ Bfe Ybtained in

reactor and eedstock to

oL S e shokie sPitalio et itihs Shty AT process
t he acce taéple imt that guarantees continuity of the
was il fq lptg|re ldﬁﬁatl on, even though significant

quantities of contam nants are renoved and a
The results obtained confirm that the present invention, in two of its preferred

modalities, by rendering the process of catalytic hydrotreatment of heavy
hydrocarbons even less severe, through the combination of low-pressure
operating conditions, of the type of reactor and of the type of feedstock to be
hydrotreated, it surprisingly limits the formation of sediments and sludge, fo levels
hotabfy lower than the acceptable limit that guarantees continuity of the industrial

operation, even though significant quantities of contaminants are removed and a

notable conversion of the feed is attained to produce a hydrotreated hydrocarbon

of improved properties.
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20 not abl e conversion of the feed is attained to
produce a hydrotreated hydrocarbon of inproved
properties. 32 EXAMPLE5 In another specific
application of the present invention, to obtain a
typi cal feedstock for a Eonventi onal refining schene
or for its sale as a hyd BLE 2t i npr oved
properties, it was carried out by hydrotreating in two
runB anaherspekiic @pplicationnes fitee presaiit snvdntiani ém obitaih a typical
the specific properties shown in Table 11, through the
feedstbck doi arconivehiiongd refising eschpateadi Ry it Bdlet a9 ashyidrétarbon of
are shown in Table 12, in two stages of fixed-bed
impeaid propeiibs, ewss Bagled & Hylyﬁycﬁaﬁ-(glsi'ﬁ t”o‘?ﬂ{ Ltgﬁ thEkidue of

and hydrodesul furization catalysts _
=EPIAS SRR G D85 GE LIRS ol I TEBRIL dpfon e
co AL ¥ SR B rtiens B iy Tablo 12,

formation_of sedinents and sludge is unexpectedly
twpSiagesiohfized-Red Tepgtion BdiBe ¥SRIPDE hudrosPmalplizatian (HDM)
properties presented in Table 13 is obtained. Unlike
angh bygroglesulfigrizatianpceta)ystor(HDS s of ptiei foregaing iexatripbes, whose
of the invention, a 15 nmuch heavi er hydrocarbon of
premdrties arspledentediinl Tasle 3y dlhich RigesisicddréngiFayithat, evién though
hi gher quantity of contam nants and a | ower content of

sig%iiﬂri]ﬂahi :réﬁ%%afseBP\h%tﬁlé, @tap3Bita é;@?f}lé@%@s (e} Xb@lﬁgf@gen are

ot her OW- pressure operating con ons I1n a sm

et B8 S iy o SEERONG B IGLTA SReBIER BRI e
resi due, of atnospherjc disti]lation, . )
hydro’?reayed Chyd‘at!ocarls)gn o% !mprove(J properties presented in Table 13 is

obtained.
Unlike the previous examples, for this specific application of the invention, a
much heavier hydrocarbon of petroleum (with a lower value of specific gravity, a

higher quantity of contaminants and a lower content of distillates recovered @

'538°C) was used, varying the other low-pressure operating conditions in a similar

manner to the aforementioned examples and preserving the same type of reactor.
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Properti esASTM Met hodVal ues APl GravityD- 2877.14 Tot al

sul fur, weight% 42944. 60 Total nitrogen,

wppnD- 46295, 086 Asphal t enes, wei ght % 327917. 74

Metal s, wpopm 575.6 N +V Sedi nents and sl udge,

wei ght ¥9©4870<0. 01 Conposi L[L?gﬁ vol unme% Fracti on

| BP-170*C0. 0 Fraction 170-364831. 1 Fraction

360-5380C34.9 Fractjon 5380C''64.0 Fraction

| BP- 5380CPsepertingeta residue.pf atmespheric distilation

contains_alnost no sedinents and sludge, since these

are fornedPropecties yi ng out eacASTM Methodact i ondalufes

the hydrotreatnent process. 34 Table 12 Operati ng
APRIGBEvityons Wi th Tow pressure for poggratalyiic 714

hydrotreatnment of a residue of atnospheric

T%ﬁitdlﬁ.l"%él Htu}an two fi xed-bed ree}gtAfbgas st ages S‘_jir%ge

erati’ng itions
Total nitrogen, wppm D-4629 5,086
Asphaltenes, weight% D-3279 17.74

Metals, wppm

Ni+V 575.6
Sediments and siudge, weight% D4870 <0.01

Composition, volume%

Fraction IBP-170°C 0.0
Fraction 170-360°C 1.1
Fraction 360-538°C 34.9
Fraction 538°C" 64.0

Fraction [BP-538°C” 36.0

Table 11 shows that the feedstock contains almost no sediments and
sludge, since these are formed by carrying out each of the reactions of the

hydrotreatment process.
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11111 Tenperature, C400400400 Pressure, kg/cn2707070
LHSV, h-'"1.01.00.5 H2/HC ratio, nl/ 1890890890 5 Tabl e
13 reports that that nmetals are reduced, surprisingly
as in exanple I after the HDT, from575.6 wppmto
277.8 and 217.5 wppm sul f_lur frgm 4.60 % by weight to
1.18 and 1.02 % by wei ght, aﬁ%ﬂ |tenes from17.74 % by
wei ght to 10.8 and 9.15 % by wei ght and tot al
Operating:gonditians with lapppressuge dao%’lmwaa@,lm hydieireataent of a
each run at operating space velocities (LHSV) of 1.0
ancesidue of atmospherizalistilatien éndwodbad-bedyeaghions stages
respectively. Furthernore, said table shows that even
though there are significant renpval S'ghgeontam nants
af t er oidrafihigcoridifioR®T of the residue of "atnospheric
distillation, the formati on of ysedi ment sy and sludggq i s
unexpectedly 0.035 and 0.044% by wei ght for each run

IspgceénR/eé'f"g{ef?’t i@s (LHSV), respggéi’ vel y; gﬁ%se val ugg%j

are surprising,lower than the_acceptable limt of_ 0.8
% KyesRIrgnkg/cMor mai nt ai ni ng tMe contindi0ty in the’0
operation of this type of processes. 35 Table 13

Pr &pi&\,iES and conpositions ofl.thydr ot r edt®ed resi d@e5
Properti esASTM STAGE || STAGE |

Ha/HC ratio, ni/ | 890 890 890

Table 13 reports that that metals are reduced, surprisingly as in example 1

.after the HDT, from 575.6 wppm to 277.8 and 217.5 wppm, sulfur from 4.60 % by

weight to 1.18 and 1.02 % by weight, asphaltenes from 17.74 % by weight to 10.8
and 9.15 % by weight and total nitrogen from 5,086 wppm to 3,040 and 2,706
wppm, for each run at operating space velocities (LHSV) of 1.0 and of 0.5 h™" in
the second reaction stage, respectively.

Furthermore, said table shows that even though there are significant
removals of contaminants after effecting the HDT of the residue of atmospheric
distillation, the formation of sediments and sludge is unexpectedly 0.035 and
0.044% by weight for each run in the second stage at 1.0 and 0.5 h™' of reaction
space velocities (LHSV), respectively; these values are surprising lower than the

acceptable limit of 0.8 % by weight, for maintaining the continuity in the operation

- of this type of processes.
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Met hod Nunber of reactorsl1ll LHSV, h-11.01.00.5 API
GravityD 28713. 9416. 8517. 73 Total sulfur,
wei ght % 42942. 471. 181. 02. Total nitrogen,
wppnD- 46294, 5203, 0402, 706 Asphal t enes,
wei ght %- 327912. 7610. 89. 13@%(3 q wppm
364.9277.8217.5 N +V Sedi e ﬁnd sl udge,

wt 90. 0280. 0350. 044 Conver si on, vol une%2. 337. 751. 7
Con‘p05| tPrapertigs ansheempesitions pphydoatreatedresidua
Fraction 170-360C12.916.320.6 Fraction
360-538C35. 740. 144. 7 FASTMon 538C}49. 739. 930. 9
Fract PeopértiesS38C{ 50. 360. 169. 1 3§TAGE bane tabl STAGE I
reports for each run t\hefhddre APl gravity increases
from 7.14 to 16. 85 and 17 73API and the content of

y t her eby obtalnlng a converS|on of 1

ged of 37.7 and of 51.7 %by ol une; e

L@g\narsn ons are |ower than the one!®bt ained 5?1%n 0.5
exanple 1, but at the sane tine are significant, given

ARI @tavqty was able to D-287 13.94 16.85 17.73
Total sulfur, weight% D-4294 2.47 1.18 1.02
Total nitrogen, wppm D-4629 4,520 3,040 2,706
Asphaltenes, weight% D-3279 12.76 10.8 9.15

Metals, wppm

Ni+V 364.9 277.8 217.5
Sediments and sludge, wt% 0.028 0.035 0.044
Conversion, volume% 22.3 37.7 51.7

Composition, volume%

Fraction IBP-170°C 1.7 3.7 3.8
Fraction 170-360°C 12.9 16.3 20.6
Fraction 360-538°C 35.7 40.1 44.7
Fraction 538°C” 48.7 39.9 30.9
Fraction IBP-538°C”* 50.3 60.1 69.1
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hydrotreat a much heavi er hydrocarbon of petrol eum
with a |l ower value of specific gravity, a higher
quantity of contam nants and a | ower content of
distillates recovered @538C. The results obtained

co |rmthtthe ent Lnventio wo. of its
glil]gr salge tg}er{geg qre%acht{ynﬁbay @‘?r%'gl grﬁ)dltgllpcreases from 7.14
ext remely heavx hydr ocarbon o etroleum through the
to 8% 9rdi bh 737 APbvanst mg@@teabeg distihates geapyereds@ 888°C from
the type of reactor and of the type of feedstock to
3602 th Phrioama 80eld% by wvoluese, Shegreblyi at#ainingya aoniveision of the feed of
contam nants and unexpectedly limts the formati on of
37sEdho®itg. Akdby SONAES thése EEVRIrSioRS 2Ré IGVéath¥n te¥@he obtained
than the acceptable Iimt that guarantees the 1s

in Cé%(‘&h'lﬂ]é“ 1 Yb@f af '?ﬁ?'é%\‘?r‘r@ttﬁﬁ@!argpﬁ%@ﬁ&%ﬂ’ fgtl\l?%f At ﬁ"v@ able to

o) talnlng a not e conversi on tO pro

L AT

ranges co . orted in the feedsta
mag%

t ck
Q"%‘g}% Cad|hlqu\2)ergfl m tygo @ﬁ)@ erdne| levwerarerniest of distillates

specific application of the process of catalytic
recm)/@r%d @éﬁggﬁt of heavy hydrocarbons of petrol eum of
the present invention is one which was carried out on
hy @hetresults olgtained cnfiosthetthe preséntusveritioe imweobits preferred
with the specific properties reported. in Table 11,

mddaligesh by hBy&rRMeiatiag | 8R éitrérhél_y' %\%’3337 Wcﬁééé’r‘b%n of petroleum

operati ng condi ti onsS shown in in a catal

thré%f@l‘l gﬁbi—%ﬁ#an gtté&agﬁgti\g{p{éﬁs;&?% . gﬁﬁ%éédn?irho@{éd thﬁ*ne type of

reviou

exanmpl es oerprtisaeprs I n Tabl e 3;
redfte AN e G P it afes 1ot ol B RN BG4 e B Vos: Slgicant
of sedi nents and sl udge i's I|mted as wel |
quantities of contaminants and unexpectedly limits the formation of sediments and
sludge, to levels surprisingly lower than the acceptable limit that guarantees the

continuity of the industrial operation, thereby also obtaining a notable conversion

of the feed to produce a hydrotreated hydrocarbon of improved properties with

levels of contaminants, API gravity and distillates within the ranges commonly

reported in the feedstock typical to refining schemes.

EXAMPLE 6
Another specific application of the process of catalytic hydrotreatment of

heavy hydrocarbons of petroleum of the present invention is one which was

- carried out on hydrotreating the atmospheric residue of example 5, with the

specific properties reported in Table 11, through the combination of the low-
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5 as attaining significant renovals of netals, total
sul fur, asphaltenes and total nitrogen, and obtaining
t he hydrotreated hydrocarbon of inproved properties
shown in Table 15. Unli ke the previous exanple, for

this exanpl.e only the tenperatur s . nodified (to )

PrESRHEe TRl HRTATS e SOWTE &+ vLARJe | T it Coiigs Syiem in two
severity of the !o process, preserving the other

stagrs &f i fhgdderdiireadion end| te psesefuHBMoand HiDBypatalysts of the
reactor and of the type of feed to be hydrotreated

previotis exammples,hahgse plafdrtied 2re greséstetiniat Table 3rewhich together
are reduced, as in exanples | and 5 after the HDT,

noftditsindeiforBtrald Adt ohs mEidn 2t beimBR) arﬁyémagefaé Piited, as well
4.60 % by weight to 1.32 and 0.95 % by wei ght,

asgéﬂé%ﬁgigggmff%aﬁl?‘ réﬁ'l(?%ls(y%r’@#@@ %télosdiﬁurzggggg&%%% and total

tota rogen fromb,

ML AR AT N —

S ectively. Furthernore, said table shows

tage,_ res
ShPWQS“J\?@ﬁa ?ﬁough there are significant renpvals of
" contam nants after carrying out the HDT of the residue
of Unlik® dprepricyiousoexamnsple, Ifat ithia, exarepleoontyt thentemfiperature was
sedi ments and sludge is unexpectedly 0.03 and 0.09 %

mdujfiedt (tghHbweerandaltiphervaluss), e g indotiesshsantint s@eerity of the
380 and 420C of reaction tenperature, respectively;

prddé%§??ﬁ%|ehﬁﬁg WE oMERBPTasY ¥oh@MBhs b B &lqapé‘ssure, ofntge type of

acceptable ITmt of 0.8 %Dby weight, for I ntal ni
rodshy ARLOL A e LF e R RRa iR fiefhen ow

P T3P roind B 30 miciplurh ckisnds 76 b pmeles: head S after
therl(-e!%gl't, ifr(c)nrr]ns S%%QV%FS)pm to 304 and 231.9 wppm, sulfur from 4.60 % by weight
to 1.32 and 0.95 % by weight, asphaltenes from 17.74 % by weight to 11.25 and
9.21 % by weight and total nitrogen from 5,086 wppm to 3,340 and 2,690 wppm,
for each run at operating temperatures of 380 and 420°C in the second reaction
stage, respectively.

Furthermore, said table shows that even though there are significant

removals of contaminants after carrying out the HDT of the residue of atmospheric
distillation, the formation of sediments and sludge is unexpectedly 0.03 and 0.09

% by weight for each run in the second reaction stage at 380 and 420°C of

reaction temperature, respectively; these values are surprisingly lower than the

- acceptable limit of 0.8 % by weight, for maintaining the continuity in the operation

of this type of processes.
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Operating conditionslStage 11 Il Tenperature,

400380420 Pressure, kglcn2707070 LHSV, h-11.01.01.0

H2/HC ratio, nil 1890890890 5 The same table reports

for each run that the APl gravity is increased from

7.14 to 14.72 and 19. 39 ’;J el\ q t he content of

distillates recovered @5 g@e I40m 36.0 to 56.0 and

66. 0 % by vol une, thereby obtaining a conversion of
OPﬁﬁatlngaéandfﬂomﬁ withlgwopressuge fobihe sataktic bydretreatment of a

| oner than the one obtained in exanples 1 and 5, but

eqreslidiye of gbmnbsphetic distillatton d&s tWoSixdd-bedadactions stages

that the present invention, in two of its preferred

nodal ities, by hydrotreating an exirenmgtfgdeavy
hydrow@gﬂngfcd}ﬁ],f,ghgum t hrough the conbl nation of
operating conditions of |ow prgssure, of lthe type ﬂf
reactor and of the type of feedst ock to be

sedi nents and }5 sludge, to levels surprisingly |ower
thgﬁe?ﬁ%ea’&f@@t able limt that’Oguaranted® the 70

cont i nui t1y of the industrial operation, thereby also
obtLHSM.hg a not abl e conversi oh.0 of the fidedst ock tcd

produce a hydrotreated hydrocarbon of inproved

pr ppAHC irglio, nk9 Tabl e 15 Propegdd es and ggmposi ti oagoof
hydrotreated resi dua Properti esASTM

The same table reports for each run that the API gravity is increased from
7.14 to 14.72 and 19.39° APl and the content of distiliates recovered @ 538°C
from 36.0 to 56.0 and 66.0 % by volume, thereby obtaining a conversion of the
feed of 31.3 and of 46.9 % by volume; conversions lower than the one obtained in
ekamples 1 and 5, but equally significant.

The results obtained confirm that the present invention, in two of its preferred
modalities, by hydrofreating an extremely heavy hydrocarbon of petroleum,

through the combination of operating conditions of low pressure, of the type of

‘reactor and of the type of feedstock to be hydrotreated, removes significant

quantities of contaminants and unexpectedly limits the formation of sediments and
sludge, to levels surprisingly lower than the acceptable limit that guarantees the

continuity of the industrial operation, thereby also obtaining a notable conversion

- of the feedstock to produce a hydrotreated hydrocarbon of improved properties.
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STACGE Il STAGE | Method Nunmber of reactorslll LHSV,

h- 1400380420 APl GravityD 28713.9414.7219. 39 Tot al

sul fur, weight% 42942. 471. 320. 95 Total nitrogen,
wppnD- 46294, 5203, 3402, 690 Asphal t enes,

wei ght 9%0- 327912. 7611. 259. 2|1q’al}/bt gl S, wppm 364.9304231.9
Ni +V Sedi nents and sl udge, $44248700. 0280. 030. 09
Conversion, vol ume%2. 331. 346.9 Conposition, volune%
Fract i onPYaperties @androompositions of brdigtreatsdaesidus. 921
Fraction 360-538C35. 737.342.2 Fraction

538C}49. 744. 034. 0 Fr actA®TMI BP- 538C+50. 356. 066. 0 40
EXAVPIRropeftied her specific appl i STAGH] of the prSTAGE Il
of catalytic hydrotreapegpbdof heavy hydrocarbons of

petrol eum of the present invention, is the one which

NutfBer of reactors 1 1 1
LHSV, h™* 400 380 420
API Gravity D-287 13.94 14.72 19.39
Total sulfur, weight% D-4294 2.47 1.32 0.95
Total nitrogen, wppm D-4629 4,520 3,340 2,690
Asphaltenes, weight% D-3279 12.76 11.25 9.21
Metals, wppm

Ni+V 364.9 304 231.9
Sediments and sludge, wt% D-4870 0.028 0.03 0.09
Conversion, volume% 223 31.3 46.9

Composition, volume%

Fraction IBP-170°C 1.7 2.8 2.8
Fraction 170-360°C 12.9 1 5.9 21
Fraction 360-538°C 357 37.3 42.2
Fraction 538°C* 49.7 44.0 34.0
Fraction IBP-538°C” 50.3 56.0 66.0
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carried out by hydrotreating a residue of atnospheric
distillation with properties 5 different to the one
enpl oyed in exanples 5 and 6, with the specific
properties shown in Table 16, through the conbination
of low pressure operating conditions that are
detailed in Table 17, a catFe?WMi é—Esystem in tw stages
of fixed-bed reaction and the use, in both reaction
st dgwiherospecifi¢ applieatisn iof dhecpracess @f ceatalytis thydfotseatment of
and new) in a proportion of 70/30 % by wei ght used
hezaty dygdssdanrboans af pbirsleunniobsite bfegenod eicntion, B the one which was
presented in Table 18; which together denonstrate

cah‘iécﬁbht’ b&h@dr&ﬁ@atrﬁ@h”@sidﬂé of aﬁﬁ@éﬁ]‘%?ksd@ﬂﬁétﬂnu\%ﬁ Préperties

l[imted, as wel as attaining significant renoval s o

S 1950k 4, FRDBIRER S A, AR R oo
B S 8 LR e 3 Shtons
invention, the 15 sane type of feedstock to be

thatyae slefalleddn Wable (1€ea CHAY IS SySeman e stagas.gf fpwdrhechreaction

hi gher specific gravity value, a lower quantity of
anddhe ase ninrhath aeactiorhstgpes, ofcontixute of hydiretiackimgesatalysts (used
recovered @538C), varying the space velocity (to

ant owav) in\capropoHic@ndf ¥HB0My,dsw deiyHi idea Gt aIost/Mavy lcﬁte(lifﬂ whose

| ower val ues), besides including in this nodality the

propeRticd ahy er%%ﬁgég”\ﬂh;f%tﬂe qigt %ﬁ&ﬂb{g@&@r%%n%néf:‘é&é? *n)shaﬂly that the

order to vary ot h Senses the severity o

BGRG, E P SE LHL8 aFeRL hron

ea rese vin esarret e of reactor.
fe"?f)i 0?@*%@@ gﬁ@l %@ gphaggqn@wns# oga | Ritpgen, and obtammg the
distillation Properti esASTM Met hodVal ues API

hydsotrertedihgoarken of improved properties shown in Table 19.

Unlike examples 5 and 6, for this specific application of the invention, the
same type of feedstock to be hydrotreated was used but a little less heavy (with a
higher specific gravity value, a lower quantity of contaminants and a higher
content of distillates recovered @ 538°C), varying the space velocity (to lower
values) and the hydrogen/hydrocarbon ratio (to lower values), besides including in
this modality the use of hydrogen with a different degree of purity, in order to vary
in both senses the severity of the process, maintaining the other low-pressure

operating conditions in a similar manner to the aforementioned examples and

. preserving the same type of reactor.
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Total sul fur, weight%D 42943. 74 Tot al

wppnD- 46294, 400 Ransbott om car bon,
Asphal t enes, wei ght % 327910. 18 Met al s,

ni trogen,
wei ght %O- 52413. 39
wppm 353 Ni +V

Sedi ments and sl udge, wei ght%048700.0 Fracti on 538C,

vol ume%s6. 2 Fraction | BP-538C+
17 Operating conditions with'®
catal ytic_hydrotreat nent of a

bie T

ume%3. 8 42 Tabl e
essure for the
resi due of atnospheric

di stil | at PsAPeHiesef airesiduscef atmespharic distijlation

perating conditionslyll Stage |yl

Lyl

Tenper at ure,

C40040040(Preopesties e, kgl cnm2707A8TM_M8thod

h-'0.2840. 330.33 H2/HC rati o,

| 534534534 Purity of

Values

APYGrRgtgn, nol e%’575100 5 Tabl e 16psp@ms that thegheed

contai ns no sedi nents and sl udge,

since these

are

T*@gﬁ‘ggﬁpgg?ig@{%yi ng out each of tr}f_ﬁggcti ons of él}gf

nt process.
Total nitrogen, wppm

Ramsbottom carbon, weight%
Asphaltenes, weight%
Metals, wppm

Ni+V
Sediments and sludge, weight%
Fraction 538°C”, volume%

Fraction IBP-538°C"*, volume%

D-4629
D-524

D-3279

D4870

4,400
13.39

10.18

353
0.0
56.2

43.8
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Table 19 reports that the netals are reduced,
surprisingly as in the previous exanples after the
HDT, from 353 wopmto 126, 176 and 120 wppm sul fur
from 3.74 %by weight to 1.297, 1.75 and 1.71 % by
wei ght, asphaltenes from 10.18 % 10 by weight to 5. 64,
5.41 and 5.19 % by wei ght eldt al nitrogen from

OIS e RGP S et o

purdsidue of admosphieviel distifatioh én twocfixedhbedtrent tionb @iages
th Ry

contanjnants after_effecting the HDT ofStA88 resi due of
at nosﬁié‘?'iaé'“gl@'&ﬁ"épﬂsl ation, the formation of

sedi nents and sludge is surpri¥iingly | eb¥lkhan 0. b%Ibs
by _weight for the three runs in the second reaction

st dgmperhtsge, Y@l ues are not abhg0 | ower #ban the 400
acceptable limt of 0.8 % by weight, for maintaining

th@rgggurigpug/bmzi n the operatifggn of thisygype of 7g
processes. 43 Tabla 18 Properties of the used and new

HDMHaF 3f-ysts enpl oyed in ea actio t age
CAD'IMALYS?'* Properti esUsedNew Pﬁir?sﬂgfal pr g%g?’ti es Si 95’,3

in /13211 Surface area, / 969. 515 ore vol ,
cn‘%ggg(?}f%%(?’ﬁal\/ban pore di arre%‘lt, A1471§%§Pore Si 53‘3
di ?)t ributi oclw, vol ume%

urity of hydrogen, mole% 75 75 100

Table 16 shows that the feed contains no sediments and sludge, since these
are formed on carrying out each of the reactions of the hydrotreatment process.
Table 19 reports that the metals are reduced, surprisingly as in the previous
examples after the HDT, from 353 wppm to 126, 176 and 120 wppm, sulfur from
3.74 % by weight to 1.297, 1.75 and 1.71 % by weight, asphaitenes from 10.18 %
by weight to 5.64, 5.41 and 5.19 % by weight and total nitrogen from 4,400 wppm
to 3,515, 3,890 and 3,740 wppm, for each run at different space velocities and
hydrogen purities, respectively.
Furthermore, said table shows that even though there are significant
removals of contaminants after effecting the HDT of the residue of atmdspheric
distillation, the formation of sediments and sludge is surprisingly less than 0.05 %

by weight for the three runs in the second reaction stage; these values are notably

" lower than the acceptable limit of 0.8 % by weight, for maintaining the continuity in

the operation of this type of processes.
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2.450.0 < 50 A 50-100 A53.9440.0 100-250 A34.052.11
250-500 A4.884.71 500-2000 A4.733.18 Chemi cal
properties 3.648.33 Ml ybdenum wei ght% Ni ckel,

wei ght 9%2. 782. 68 Vanadi um wei ght 8. 64--- Sodi um

wei ght %9. 180. 037 Iron, wei %) 11--- Sul fur,
wei ght%d7. 17--- Carbon, .59--- 44 Table 19

Propptitiels St tRRLdcBAG |
Properti esASTM Hydr ot Ptggf ngffg?]%p‘stwée'?@i S‘{ggggéﬁ‘reactlon
LHSV, h"0.2840.330. 33 Puri tgtagé hydrogen, rml e%’575100

APHGavityb28716—015-3915—+0 T CATALYST
Properties
Used New
Physical properties
Size, inches 1/32 1/32
Surface area, m%/g 69.5 158
Pore volume, cm®/g 0.27 0.67
Mean pore diameter, A 147 148
Pore size distribution, volume%
<50 A 2.45 0.0
50-100 A 53.94 40.0
100-250 A 34.0 52.11
250-500 A 4.88 4.71
500-2000 A 4.73 3.18
Chemical properties
‘Molybdenum, weight% 3.64 8.33
Nickel, weight% 2.78 2.68
Vanadium, weight% 8.64 -
Sodium, weight% 0.18 0.037
~ lron, weight% 0.11 -
Sulfur, weight% 1717 -
- Carbon, weight% : 22.59 -—
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Total sul fur, weight% 42941.2971. 751. 71 Tot al

ni trogen, wppnD- 46293, 5153, 9903, 740 Asphal t enes,

wei ght %0 32795. 645. 415. 19 Metal s, wppm 126176120 N +V
Sedi nents and sl udge, wei ght %D 8470< 0. 05< 0. 05< 0.05
The sane table reports for a}qch‘ run that the API
gravity is increased from¥ablg18s (o 16 70, 15.39 and
15.70 APl. The results obtained confirmthat the
present Prersitiesand eompasitions of hydpetreatedeesidua
nodal ities, by hydrotreating a heavy hydrocarbon of

petrol eum through the cA®IMation ofHydtedated product
condi t iPrapeeties ow pressure, of the type of reactor and

of the type of feedstock metHy hydrotreat eqgtagemyes
significant quantities of 1o contam nants and

LILLY)
sl udge, Eo ’Ihevel s surprisingly | o%‘?éghan thEe'3§ 0.33
acceptable Lim hat guarantees the conti nui of
P"Fﬁ’éofhﬁ‘ﬁ'?g?r‘a'fno[ﬁ%ration, to produce’® hydrotf@ated 100
hydr ocar bon of i nproved rogerti es. 45 EXAMPLE 8
A 8Y specific nodal i tyBoz fhe pridc@ds of 4838 ytic 15.70
hydr ot reat mrent of heavy hydrocarbons of petrol eum of
Totdlsulfuesegight®mvent i on, i DuRB4one vh2@h was cafbied 1.71
"out by hydrotreating the sane resi due of atnospheric

Tothlsiitrodeat, wppnenpl oyed i n fr4ezgnpl e 37518 th tB@go 3,740
specific properties shown in Table 16, through the

AshRER: W16, | OW- press erati condi ti t hat
gr e dr‘e%géWi/% Tabl e 17,Lt§ 2’2?9 584 ShF 519
Metals, wppm

Ni+V 126 176 120
Sediments and sludge, weight%  D-8470 <0.05 < 0.05 <0.05

The same table reports for each run that the API gravity is increased from
9.25 10 16.70, 15.39 and 15.70 °API.
| The results obtained confirm that the present invention, in three of its
preferred modalities, by hydrotreating a heavy hydrocarbon of petroleum, through
the combination of operating conditions of low pressure, of the type of reactor and
of the type of feedstock to be hydrotreated, removes significant quantities of
contaminants and unexpectedly limits the formation of sediments and sludge, to
levels surprisingly lower than the acceptable limit that guarantees the continuity of
the industrial operation, to produce a hydrotreated hydrocarbon of improved

properties.
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catalytic systemin tw stages of ebull at ed-bed

reaction and the use, in both reaction stages, of a

m xture of hydrocracking catal ysts (used and new) in a

proportion of 70/30 % by wei ght used catal yst/new

catal yst, whose properties are io presented in Table

18; which together demonEXAMBLEG ap) y that the

formation of sedinments and sludge is limted, as well

as Anatbenspegifi moedealityaithe enesesisof catalytia hydrotreatragnt of heavy

sul fur, asphaltenes and total nitrogen, and obt aining
hytjm;dnbohn@bf petreldunhygfitrecaralsent ipiventigny, ds ¢ide phepeifith s carried

shown in Table 20. Unlike the previous exanple, for

oult f'b)ﬁ h§@R#idatihg apR! &Rk Ré%lcﬁfe bheatl'n%ﬁﬁét‘l@'i‘jlstliléﬁor‘?r&ﬁiployed in
the type of reactor was changed in the two reaction

ex% S7 (@it NS R 'e'cﬂ‘ke?xr Sifled Y BSdwn TH Infnfc}l ng tFEough the

| ol pressure opera g conditions's

afor msnt ned exa 0 _obs rvet esenltlvt

cop gLk BRFEreRHAE eieralBo Rgiohe AL AGT feaibg i mable 17, a
metal s are reduced, surprisin as in the previous

ol Ut &) tWReSiADTS o BhkIBHBd-henisRstian gind: fus dse, in both
150 wopm sul fur from 20 3.74 % by weight to 1.70,

redacteh atages, o6 @mhiytunei afhhydrasratkinge netalyste rtused 1581d’/mbyv) in a
weight to 4.78, 5.68 and 5.66 % by wei ght and t ot al

prapdrtiog e 70730 igmBedt eutdlystew %aﬁ?staﬂmloge Qﬂr@pertles are
wppm for each run at different space velocities and

retﬁéi‘ﬁétﬂﬁ‘@TBHfé 1y wﬁ?:ﬁ gbg?(ezldém&%t;%%l a‘%%g}é?% QPRI fofhation of

conposli tions o In an

segﬁg%}ﬁg d’:trE;{ %&@?@%M%qlflﬁg £ aése(éwéilr %gugtttalﬁlrntgl %lsgmflcant removals of

metals, total sulfur, asphaltenes and total nitrogen, and obtaining the hydrotreated
hydrocarbon of improved properties shown in Table 20.

Unlike the previous example, for this specific application of the invention,
only the type of reactor was changed in the two reaction stages (to the ebullated-
bed type), maintaining the same low-pressure operating conditions similar to the
aforementioned example, to observe the sensitivity of the process to this change.

Table 20 reports that the metals are reduced, surprisingly as in the previous
example after the HDT, from 353 wppm to 129, 170 and 150 wppm, sulfur from
3.74 % by weight to 1.70, 1.85 and 1.76 % by weight, asphaltenes from 10.18 %

by weight to 4.78, 5.68 and 5.66 % by weight and total nitrogen from 4,400 wppm

| to 3,580, 3,650 and 3,610 wppm, for each run at different space velocities and

hydrogen purity, respectively.
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LHSV, hO0.2840.330.33 Purity of hydrogen, nol e%575100
APl GravityD 28717.0716. 2516. 85 Total sul fur,

wei ght % 42941. 701. 851. 76 Total nitrogen,

wppnD- 46293, 5803, 6503, 610 Asphal t enes,

wei ght ¥- 32794. 785. 685. 66 I\/e% S,.Wwppm 129170150 N +V
Sedi nments and sl udge, wei ghtA9'82900. 560. 470. 54
Conversion, vol une%. 89.314. 2 Conposition, vol une%

Fr £yepedies apd copapositions. of residua bnan ebullated-bed reactor
170- 360C23. 220. 818. 4 Fraction 360-538C22. 525.831.0

Fraction 538C+51. 851. 048. ASAMcti on  Hydrotreated product
| BP- 538 roperfidd. 051. 8 47 Furthernore, said table shows

that even though there argegdgni fi cant rﬁ‘ﬁégbngi)
contanmi nants after carrying out the HDT of the résidue

- tomof
sedi rrenE S an(gll sludge is surprisi ngl@Eg.iSG, 0. 4§3and 0.33

0..54. % wei ght for the three runs in the second
Pyrity, of P¥frogeay O‘e’ro/é‘spectively; 5 t hes€ val ues %%e 100

evidently higher than those of the previous exanple
Jerayyably | ower than t Re2&Ecept d1.€71 i nit 161250. 8 %16.85
by wei ght, for nmaintaining the continuity in

Total sulfur, weight% D-4294 1.70 1.85 1.76
Total nitrogen, wppm D-4629 3,580 3,650 3,610
Asphaltenes, weight% D-3279 4.78 5.68 5.66

Metals, wppm

Ni+V 129 170 150
Sediments and sludge, weight%  D-8470 0.56 0.47 0.54
Conversion, volume% 7.8 9.3 14.2

Composition, valume%

Fracction IBP-170°C 2.5 2.4 2.4
Fraction 170-360°C 23.2 20.8 18.4
Fraction 360-538°C | 225 25.8 31.0

Fraction 538°C+ 51.8 51.0 48.2

Fraction IBP-538°C+ 48.2 490.0 51.8
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the operation of this type of processes. The sane

table reports for each run that the APl gravity

increases from9.25 to 17.07, 16.25 and 16.85 API. 10

The results obtained reaffirmthat the present

|nv ngion, in th ferred nodalities,

drBedortg sathdsd shawscHidloRver oAl inse  are significant

through t he conbi nati on of operatln% condi ti ons of )
remewalsr efcontamingnts alien gaseving ovtkihet BP Tafdhe sasidue of gigeospheric

of feedstock to be hydrotreated, renpves significant
digfillation t thesfasmationrifasediments amdl sludgepiscswaghiyingiyn® 56, 0.47 and

the formation of sedinents and sludge, to 15 | evels

0.54I°prHys weiiht fop\es tﬁl}@@WLﬁTQQHa{ﬁ@eﬁMe@dGﬂbﬁ st&gd, respectively;
guarantees the conti nwty of the industrial

th&REValk rhreté?/idé’rfﬂ? H“[H%é@ﬁ? e EVé@ﬁ({l&gé@ﬂplgfbut notably

I nproved  propert urt er supp

ViR f.the esen o
b BHAhR P f@ﬁaﬁ‘@ﬁ G Wlelot) ot "SRRG g papinuty i
t hat part, the f oing 20 and which denonstrate
the Hﬁ?raiiﬂg ng;li"ﬁltm?e gﬁ%ﬁffseat ment of heavy
hydr ocar bons of petrol eum carried out in operating
condetsaons tatle reperia for @achaue teat thed®lgranity nereases from 9.25
present invention inprove the properties of the
to fledTs 66 andl16850Wl) arge quantities of
contam nants, as in the present invention, in exchange

forha resomsi é‘[ﬁ’tbﬁfhe'de ré4FfiFmtihap 8k El%?s'eﬁ?ﬁh@erﬁf&ﬁ ShUiese of its

in the product, which prevent the contlnuous
e U AR o TS Ta—

th%%%wgﬁ“ia@ﬁ%&@%t%% ?%%e%r'a@@ggwe eéﬁ% tyP?@f reactor and

hydrotreat ment of heavy aldrocar bons described in the
of thedwpe 9fnfeedsiosk to be hydrotreated, removes significant quantities of

contaminants and unexpectedly limits the formation of sediments and sludge, to
levels surprisingly lower than the acceptable limit that guarantees the continuity of
the industrial operation, to produce a hydrotreated hydrocarbon of improved
properties.

To further support the innovation and inventive activity of the present

invention, below are provided examples of application that support the foregoing

and which demonstrate that the catalytic hydrotreatment of heavy hydrocarbons of

petroleum carried out in operating conditions different to those set forth in the

| present invention improve the properties of the feedstock and remove large

quantities of contaminants, as in the present invention, in exchange for a

considerable formation of sediments and sludge in the product, which prevent the
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and is presented in order to denonstrate that using
operating conditions in the range of |ow pressure,
conmbined with a high Hydrogenl Hydrocar bon H2/ HC

ratio, in conbination with the type of reactor and

type of feedstoc hi gh conversjo e i qQ obtained
conBipt gBSEAo80H BoPRSSREs.ovhig s st main GSGIABeat ohnical
described in the background information, as vveII as a
deayelgpmesitaef this kisd. sedi nent s and sl udge. For such

pur poses, the hydrotreatnment of a vacuum resi due was
carried out in a catalytic ebull ated-bed reactor. The
specific properties of the feedstock are presented in

Tabl e 21 and the operati pxAPEEL9 ons are those of

Tabl e 22. The 15 properti es of the hydrotreated

I eI By By gé BELE FHof Beldhg™ *Iﬁgﬁ%ﬁf apﬁ %élﬁ‘)?lr Yethd Process of

Tabl e 23, ter carrying out vacuum
bIIate ed react formation
cagaiﬁfcrﬁﬁqrg’trgﬂ@ &3&8"“’%?‘!8589 R g‘x’r\%ﬁf @’ﬁﬁ n ‘?B“?Paﬁ"t E‘Ve“t"’“
f, sedi nents, and sl udge is higher than the maxi mum
a“ac'ée?f?éﬁ'ﬂf@ d) inprdeptto (51998'@9'% ﬁ\}e%@bHﬁmngﬂerﬁ‘iﬂ"%Fﬁﬂﬂmﬁﬁs in the
continuity in the operation of 20 this type of
rafgeoetlovepressuce,iconabiged hw@h@mlgfh&iydtdgm‘ﬂ-ly@poatb@m\ HsHC ratio,

all of the preferred nodalities of the present

in cowbination withtthéappe ol dedetamid iype diffeddstack)iigh esmvibisions are
of a heavy crude Properti esASTM Met hodVal ues API

obfdirfed thﬁezr%ﬁée &f SEQB%O %JHS% reBBHEN iV e BRbRtL desPbRl in the

ni trogen, 46296, Ransbot t om car bon

ba%r@ﬂﬁ%fgaﬁgﬁonmas’a\ﬁ&r@é taq'ﬁ&? for%ét%ﬂto@eéﬁg&g -ahdl sludge.

For such purposes, the hydrotreatment of a vacuum residue was carried out
in a catalytic ebullated-bed reactor. The specific properties of the feedstock are
presented in Table 21 and the operating conditions are those of Table 22. The
properties of the hydrotreated residue are indicated in Table 23.

As is observed in Table 23, after carrying out the HDT of the vacuum residue
in an ebullated-bed reactor, the formation of sediments and sludge is 1.38 % by
weight. This value of sediments and sludge is higher than the maximum
acceptabie limit of 0.80 % by weight, for maintaining continuity ih the operation of
this type of processes, and is also higher than those reported in all _of the

preferred modalities of the present invention.
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Metal s, wopm 777.9 N +V Sedi nents and sl udge,
wei ght %948700. 0 Fraction | BP-538C+,

22 Qperating conditions for the catal ytic
hydrotreat nent of a vacuum residue in an

ebul | at ed- bed react or

condi ti onsEbul i ated-bed T

vol une%®. 0 5 Tabl e

réaﬁﬁ? gi‘ure C400 Pressure,

kg/ cn2100 Prdp¥rtiés &9 admditiniiFes Rfveof é‘hleah?c@lz&e Purity

of hydrogen, nol e%d00 50 Table 23 Properties and

r-nrmnqu tion of the h\/dr ot reated residue

Propert i ePXOPRHRS ot r eat ed r esi ASTMMetbad AP

G avityD-28721.19 Tot al

Values

sul fur, wei ght % 42940. 714

APlids=vityi t r ogen, wppnD- 46293, 800 Asph287 enes, 1.87
wei ght %D- 32793. 67

Total sulfur, weight% D-4294 5.07
Total nitrogen, wppm D-4629 6,200
Ramsbottom carbon, weight% D-524 25.41
As.phaltenes, weight% D-3279 25.46
Metals, wppm

Ni+V 777.9
Sediments and sludge, weight% D4870 0.0
Fraction IBP-538°C”, volume% 0.0

Table 22

Operating conditions for the catalytic hydrotreatment of a vacuum residue

in an ebullated-bed reactor

Operating conditions

Ebuliated-bed

Temperature, °C
Pressure, kg/cm?
LHSV, b’

H2/HC ratio, nl/ |

Purity of hydrogen, mole%

400

100

0.25
2,671

100

- 80



Metal s, wopm 47 N +V Sedi nents and sl udge,

wei ght 9%-84701.38 C i | %onvers on, vo 75.2 une
Conposition, volume% 6.5 Fraction | BP-170C Fracti on
170- 360C36. 4 Fraction 360-538C32.3 Fraction 538C+24. 8

Fraction | BP-538C+75. 2 Ex%lfeEZ%O

Properties and composition of the hydrotreated residue

ASTM
Properties Hydrotreated residue
Method
API Gravity D-287 21.19
Total sulfur, weight% D-4294 0.714
Total nitrogen, wppm D-4629 3,800
Asphaltenes, weight% D-3279 3.67
Metals, wppm
Ni+V 47
Sediments and sludge, weight% D-8470 - 1.38
Conversion, volume% 75.2
Composition, volume%
Fraction IBP-170°C 6.5
Fraction 170-360°C 36.4
Fraction 360-538°C 32.3
Fraction 538°C+ 248
Fraction |BP-538°C+ : 75.2

EXAMPLE 10
This other example also does not belong to the specific application of the
process of catalytic hydrotreatment of heavy hydrocarbons described in the
present invention and is also presented in order to demonstrate that using high

- reaction pressures during the hydrotreatment of a vacuum residue in a catalytic
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15

5 This other exanple al so does not belong to the
specific application of the process of catalytic
hydr ot reat ment of heavy hydrocarbons described in the
present invention and is also presented in order to
d nstrate that, using high reaction. pressures duri
ARG Fadiprdngs P o e duriRlion i soidieats end Sludge.
51 ebu] | at ed-bed reactor does not nininze the
They sretifisnpiopestias 9bihe teedstickdge desrebeghdai Takle 24 and the
properties of the feedstock are described in Table 24
openatingheondifienataraghosmdif t Takbhe 28 el henh psaparfieT atbIthe 28ydrotreated
The properties of the hydrotreated residue are

residde ané adlicated abTabRe26.5 I n Table 26 it is observed
that after carrying out the HDT of the vacuum residue

in fﬁﬁ'a%@é"2Gagqgictbg>%ﬁe?ﬁﬂﬁéiraﬂérh@arfﬁm%e%DT of the yacuum

sedi ments an e present is 1. y wei ght.

wal ye. of  sed] n I [ n.the vpper i m
e n° anC EBLEBPY el oo e Bsthatb)” oL Biimeplsyeha siuage

mai nt ai nj contjnuity in the operation of this type
p"%%e%ﬂ%ée@gézv WhightsTHip 4By @ﬁ@%&mﬁ.{ﬁs EREsHUIER & phhe upper
in 1o all of the preferred nodalities of the present
limitrafdhe iasaeptable araxiraumsofdhse fe biyoreigbt, igr maintaming continuity in

clearly observed that there are substanti al
thelopémtienadfthizetype arf grbeegsesc and ds atbeshighbe thamtHose reported in

state-of-the-art and the process of the present

all oRURNBleRre@AHAMMIESYT Bl prabentahgertith.r esul ts of the
content of sedinents and sludge in the hydrotreated

hyd n i CRpin : e-f-th r

o SRERESEE 0 ot idrdfoind, 3 ik pRstl"SpSbivstL e are
of _tk esent invention are bel ow 0.65 % h i ght .

sufiablif HrERiites' Potignpuhe BoceRedt idbeedbea 1 Sats-of the-ar
mai ntain continuity in the operation of the processes

ang the piasess of hepresant imealipnhgian wesiysfnae ase theresults of the
the formation of sedinments and sludge is limted to a

conteri oiisedimentatarsd studge i the tpdrgltreated hydrocarbon which in the

state-of-the-art are equal to or above 1 % by weight and in those of the examples

- of the present invention are below 0.65 % by weight. In this regard, it should be

mentioned that to maintain continuity in the operation of the processes of
hydrotreatment of heavy hydrocarbons of petroleum, the formation of sediments

and sludge is limited to a maximum content of 0.80 % by weight.
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52 Tabl e 24 Properties of a vacuumresidue

Properti esASTM Met hodVal ues API GravityD 2873. 73 Tot al
sul fur, weight% 42944. 507 Total nitrogen,

wppnD- 46296, 100 Conr adson car bon, wei ght %D 52422. 59
Asphal t enes, wei ght %O 3279&6&57éﬂl\/bt al s, vvppm 502. 6

Ni +V Sedi nents and sl udge %048700. 0 Fraction

| BP-538C, vol ume¥opefiéd gfa&a@@mr@gi@@ condi ti ons

for the catal \ITI C hvdr otreatnent of a vacuum.residue

in an ebulRremedtiesd react or QpPABIM Mgthod Values
condi ti onsEbul | at ed-bed Tenperature, C420 Pressure,

ARIgGavit$85 LHSV, h_10.30 H2/HC ratbe2gnl/ 11,335 Pgg@ity
of hydrogen, nol e%d00 53

Total sulfur, weight% D-4294 4.507
Total nitrogen, wppm D-4629 6,100
Conradson carbon, weight% D-524 22.59
Asphaltenes, weight% D-3279 17.75
Metals, wppm

Ni+V 502.6
Sediments and sludge, weight% D4870 0.0
Fraction IBP-538°C, volume% 0.0

Table 25

Operating conditions for the catalytic hydrotreatment of a vacuum residue

in an ebullated-bed reactor

Operating conditions Ebullated-bed
Temperature, °C 420
Pressure, kg/cm? 185
LHSV, h' 0.30
H2/HC ratio, nt/ | 1,335
Purity of hydrogen, mole% 100

53



Tabl e 26 Properties and conposition of the

hydr otreat ed resi due Properti esASTMVHydr ot r eat ed

resi due Method APl GravityD 28718.0 Total sulfur,

wei ght 9% 42942. 12 Total nitrogen, wopnD- 46293, 760
Asphal t enes, wei ght %O 3273'5mthZgbt al s, vvppm 68.4 N +V
Sedi nents and sl udge, 4701.0 il %

onvers _on, vo 71.9 une
Properties and composition of the hydrotreated residue

ASTM
Properties Hydrotreated residue
Method
API Gravity D-287 18.0
Total sulfur, weight% D-4294 212
Total nitrogen, wppm D-4629 3,760
Asphaltenes, weight% | D-3279 5.58
Metais, wppm
Ni+V 68.4
Sediments and sludge, weight% D-8470 1.0
Conversion, volume% 71.9

Composition, %olume%

Fraction IBP-170°C ‘ 12.9
Fraction 170-360°C 26.0
Fraction 360-538°C 33.0
Fraction 538°C+ 28.1
Fraction IBP-538°C+ 71.9
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Conmposition, %l ume% 12.9 Fraction |BP-170C Fraction
170- 360C26. 0 Fraction 360-538C33.0 Fraction 538C+28.1
Fraction | BP-538C+71.9 54 | NNOVATI ON OF THE | NVENTI ON
Havi ng descri bed the present invention, it is

consi dered as an,,i I r t he
contents of theqym?%ﬁﬁgﬂgglméﬁﬁéﬂmd as
property: 5 1. A two-stage reaction process for the
catal ytic hydrotreatnent of heavy hydrocarbons of
petrol eum that present high contents of netals, total
sulHaMing desyieditbagresent invardionnitts cosidenski asham gnnovation and
carried out with a conbination of operating

thefate! thensontemisrof die fdllowing tlvseg afs Elaimée werpgrbperty:he

| ow pressure, 10 type of reactor and type of
f eedst ock, and which conditions inprove the

properti es of the feed hydrocarbon, limting the
i I I
2% n{agsgaéc’lé re§ idﬁeﬂ% ?&gffoi (;[ﬁ?g%tﬁgﬁ?‘éﬁydroﬁéatment of heavy

cterized b use g cqndjtions, of t
i %gﬁr AP LB R DAY BiResE highcesgpls.aTRgtals, ta sufur,
to 130 kg/cn2, tenperature of 320 to 450C, space
Vepg@h@lyaqeg @r@d-m;t;a aitragen, twhigh @s n:a;necb@ut avith a combination of
Hydr ogen/ Hydr ocarbon ratio (H2/HC) of 350 to 1,200
| nbperating Zonditioss agyberexd dheé &ollopring essnbdtewdring: the low pressure,
catal ytic hydrotreatnment of heavy
type of reactor and type of feedstock, and which conditions improve the
properties of the feed hydrocarbon, limiting the formation of sediments and
sludge, as well as attaining a high removal of contaminants, characterized
because the operating conditions of the first and second reaction stages are:
pressure of 40 to 130 kg/cm?, temperature of 320 to 450°C, space velocity
(LHSV) of 0.2 to 3.0 h™", and a Hydrogen/Hydrocarbon ratio (Hx/HC) of 350
to 1,200 In/l.
A two-stage reaction process for the catalytic hydrotreatment of heavy
hydrocarbons of petroleum, in accordance with clause 1, wherein the first
reaction stage is of hydrodemetallization of hydrocarbons and hydrocracking
of asphaltenes, characterized because the operating conditions in which this
first stage is carried out are: pressure of 40 to 130 kg/cm?, temperature of

320 to 450°C, space velocity (LHSV) of 02 to 3.0 h', and a

-Hydrogen/Hydrocarbon ratio (H»/HC) of 350 a 1,200 In/l.
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5.

hydr ocar bons of petroleum in accordance with clause
1, wherein the first reaction stage is of

hydr odenet al | i zati on of hydrocarbons and hydrocracki ng
20 of asphal tenes, characterized because the operating

ar & tyb2gh reBhGO priolsy Tof Mot AablEcrlaRBaERS6! heavy

to 450C, space velocity (LHSV) of 0.2 to 3.0 h-1, and

Hy AWEERGA Py etreBIaUMan BCeaidapey wWith dauses 1 apd@, wherein the
In/l1. 55 3. A two-stage reaction process for the

catsgkLgnd cedstioncitagaisiehlydrbdesulfuyizatignl aod dnydooderitrogenation of
petrol eum in accordance with clauses 1 and 2, wherein

t héwydsrzoivshy, ehetacierizdd bechgseothehysratag Wohditionatih Avhich this
and hydrodeni trogenati on of hydrocarbons,

\‘/3\2 abash@®slagRds l&ﬁgr%fﬁutt a8 ?Fé’é’sﬁffé SUE aNesh ikgfb?nz, femperature of

ich this™5 sec stage I's carried out are: pressure

o 28 18, J O Sk GRS HAS0L 204085 v ana
I e A e R

catal ytic hydrotreatnment of heavy hydrocarbons of

- pefy bve$iaue eaeliut duaeessnifem the xatalytia hysdretigatnasnt a0 heavy

characterized because the preferred operating
cohwdrocertmrisn of hpefroleam, r Bacdcordaicagavithr exlaywess slurthrough 3,
of 45 to 90 kg/cnR, tenperature of 350 to 450C, space

vetRgrakierizetiPécatbe e préfered dperatid€omditions in the first reaction
Hydr ogen/ Hydr ocarbon ratio ( HC) of 450 to 1, 050

H2
I - til =0
cat acare plskRuR: 8RS HRLIGIEE! SRREalDE & %800 45050, space
tr,0l. i nith cl It h 4. .
redBefeist SE62 62 PR and & HPBSdur kR on fatio (HarHO)
conditions in the second reaction stage are:. pressure
of 014PQ 19 BORINMEND, tenperature of 330 to

A two-stage reaction process for the catalytic hydrotreatment of heavy
hydrocarbons of petroleum, in accordance with clauses 1 through 4,
characterized because the preferred operating conditions in the second
reaction stage are: pressure of 45 to 90 kg/cm?, temperature of 330 to
450°C, space velocity (LHSV) of 0.2 to 2.0 h™, and a Hydrogen/Hydrocarbon
ratio (Hz/HC) of 450 to 1,050 In/l.
A two-stage reaction process for the catalytic hydrotreatment of heavy
. hydrocarbons of petroleum, in accordance with clauses 1 through 5,
characterized because it minimizes the formation sediments and sludge, to a

maximum value of 0.65 % by weight of the hydrotreated hydrocarbon.
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450C, space velocity (LHSV) of 0.2 to 2.0 h-1, and a
Hydr ogen/ Hydrocarbon ratio (H2/HC) of 450 to 1, 050
In/1. 20 6. A two-stage reaction process for the
catal ytic hydrotreatment of heavy hydrocar bons of
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veiltydfocrbeme ¢f ydaegp lest.e dn hgencsdancswitseclauses 1 through 6,
t wo- stage reaction process for the catalytic
hy dhatadetireshbecafsehit hay thy dapacitbtonsydrbtrpat hednvgunydrocarbons
accordance with clauses 1 through 6, characterized

beofipetroldun @dtht the feRMRiRltpropertiesdeehteRRbf BRaNates recovered @
hydr ocarbons of petroleumwth the foll ow ng
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Elordance with clauses 1 throu characterized
¥Rcarqgons Oft RereighAL iy 3550 r!ﬁen véBhvdadsesn 1 through 7,
val ues of the charge of up to 70 % by volune. jo 9. A

pr sbaactsizes hranuskibbam theneapagitysoaajdainecarnvetsion values of the
process, in accordance wth the previous clauses,

c hehamgeasfied HE&abgeolumear esents i nproved pr operti es
conpared with the feedstock in: APl gravity up to

. aPAr Preidiiet @btamécﬁ tr%ugﬁ tﬁ@ctmfot@agerrbse&or%rcs&e%%l H ab&srdance

recovered @5 by Up to approximtely 5

VolAMﬂetheC(Hi‘Qﬁ[)EQ %Egleé,hﬁhérgﬁ%nzaa because it presents improved

properties compared with the feedstock in: APl gravity up to approximately
15 units and the content of distillates recovered @ 538°C by up to

approximately 50 % by volume, compared with the feed.
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