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

FI ELD OF THE | NVENTI ON The present invention provides
a process of the oil refining industry, in which a
catal ytic hydrotreatnment of heavy hydrocarbons of

pet rBROAGESS FAQR TIHE QATALY TIOHEDROTREATMENTIGF HEAVY
properties. to BACKGROUND OF THE | NVENTI ON The

evol ution of theqyBROCARBONSSOFPETROLEUM O the
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

catal ytic reform ng. Anp avy hydrocar bons
of petroleum are the hea%%ﬁ%@d}ihe extra- heavy
crudes, blends of heavy and |ight crudes and

petrol eum residual s, such as residues from the

at nospheric or vacuumdistillation, which present a
speci fic gravi TEGRNICAL&IELB2OEAHEANVENTION:Nt of
distillates recovered @538C | ess than 80 % by vol une.

TheThe poesdntanvaritionasroyidestsl proctRe diftRe dilaketiahig! maustw in which

petroleumresiduals 20 with high sul fur and netal

a CAIphe %yd?étré‘&lﬂe %ftﬁlﬁa\ﬁ/eﬂfd}%a tﬁﬂ%rg Etrbfé%m is carried out in

I npr ovenent of S Int CO ogl ca qua

opment and expansi on of
hydropﬁ%'g’?’%h?ﬁg)?%‘g%gés of this type of feedstocks
for their refining. Since the 70's, there have been

reports of the hydrotreatment of petroleum residuals

where they state the nain aimas the recovery of
val uabl e di sti| B&ACKGROUND OF THE INVENTION

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 catalyﬁc 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 iess 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

' 'a_nd 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

Hydr ogen/ Carbon (H C) ratio, high viscosity, high

conbene tite Coist ieredeve, beers sepdntsabf thes hiydratreatmenbgofpetroleum
and netals, and low yield of distillates. The reactive

reidisIs wherehthayastat®thé BaiRr SRE TS MEFEcOVRP) oRiVafiHEI& Histillable
has been placed for the treatnent of this type of

e ' HERY [ = ..~ 10 ebul | at ed- bed
frér I'n %ﬁg%wygggghaserpgﬁré Cpgple'ﬁ?%bor?'ndust ry nostly
use e fixed- bed type.. The high congceptratjon of
ot 118 TG 0ged Rt B e et Shfigt el PoidiRum residuals for
reflected by a fast deactivation of the catalysts )
thelle EpeRSSing. dye; iR othealact: khat thelesarer shamciRnizedhdy their low
denetallized in a first stage of their treatnment to
HydscgenzGathion i(K/Ckmatia) high oviseosityynhigh rcomtenti of | edmtaminants,
stages, thereby increasing the lifecycle of the

esseriallg salfus ettrogert s matbigaad (TR §id@Df deftillatisent
refining processes in the renoval of contam nants are

t hoPRe Ghabinvll QLsRA 18Mhe piH %‘F_tﬁéeprﬁeeéé &hdr@ most attention has

practically all fractions of oil such as: naphtors1a
] P St ~LLesidue t Ce
AR Bl o1 g e 2 rBSPrih SNy B b
residual s, wher.e the desire_is taq sinultaneousl i
eblieR D, ardn<iSeerRaH Rhases T feBMsadystiapast uses the fixed-
sul fur, nitrogen and asphaltenes; it requires an

PPSpri ate sel ection of the type of reactor,

catalysts wth high activity and selectivity for

t heBlee higiccormentrationwd rhetats iopderantyi argdes @andi ihipetol¢lratresiduals

wi Il render the process profitable. 2 The inprovenent
is aflectedalyy ysbitaiduoation oPahe BRHstsTRhéRTord | is 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 ali 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

commerci al. processes currently in existence perform

the hydrotreatnment 5 of heavy hydrocarbons of

pet Theé eimproveenenipefati rreagyndiydroserbont of hpghroleum  implies its
pressures, in the range of 140 to 220 kg/cn2 for fixed
ploedssing &P uemat/ededifteminats Can®hhereRshi @i P@famﬁ@/ea?oon (H/C)

To maintain continuity in the operation of fhese

Ry I b RicBRo Sep et Thsd Ay otiFainbin,
ny T B SRR e S e i st e oS i hilreatment

/ has been |imted by the formation of
OfIitﬁawg f&gmr@% RWPWmsuadehaweﬁ;rta@ngs@@@ditlons with high
probl em of these processes The formati on of
presduresntin thedasgedefel 40 doe220 kgitnah fomfixed beer and rebullated-bed,
heavy fractions (boiling point > 538C) to |ight
whichcobtairs hig)hs convarsioase Toomdmtairs cortivgitynth tHee operation of these
pressure in the reactors. For this reason, the

proBEERIS: itfe fRRART T Ssedithehidans é%?bﬁ@ !lﬁﬁteﬁqa‘éymwlrﬂum content

hydr ocar bons operate under operatifg conditions

o above 140 kg/cn2, in order to obtain
Ofgj ?@a’gt ?ﬁﬁ&éonversl ons of the heavy fractions. As

references of p nt.s ated t h hydrotreat nen
0 oS BpBRarion, BEYGE Bl S Rant brcebse s N st aynhydrocarbons of
there are the foll ow nP i nventions: The Aneri can

peitalewm 8t lewspresspsesf lepanthary 140 kgbom®, chas heen limited by the

catalytic process for hydrotreating heavy oils of
foppatien einsédiments sndgslsidg@hevifich 48 s ichgeadtsristicaprolddm of these
out in a fixed bed reactor for a renoval of no nore

probessed) Theabribtidie bf sedivrstitdisndd INIgY incréasdLiRBhXhe 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/cmz, 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 410C, pressure from50 to 250

kg/ cnm2, space velocity (LHSV) of 0.1 to 2.0 h" and

Hydr ogen/ Hydr ocarbon (H2/HC) ratio of 300 to 1,200
remhgvals DhbebeeamdSsy and 478 f Bhe pperatingosaridiidnssinl this stage are as
nitrogen and 5 remaining netals in an ebul | at ed- bed

folleas! temperative GfbdtweRBIPAHAU108CE pRIFSLI® BIM 50 to 250 kg/cm?,
tenperature of 350 to 450C, pressure 50 to 250 kg/cn®

ﬁdé%Vv@JBcﬁsr AH8 é}Q)fQ) P10 2. GVHB" 5'86 hﬁdragéﬂ/ﬁafa ?éa%of.o(HZ/HC) ratio

3,000 nl/ hat regard, rtant

[
of 360 43 ?%@@ifﬁhé"s%%{)ﬁ@#%ié‘isn ﬁbs Bmavel of slffiFfthgen and
the .io f IIovmn oereg“an conditions: pressure of
refagning Smev e re@@ﬁbl&f&?dP wingpreratigg conditions:
395C for the first and second st a% resp ectlvelly .
tegmprature 1ot 358 tooda0°Craueasune, 50 ke 268 \kaitai lHSY ofd.aito 10.0 b
removal s of N +V of 109 wppm total nitrogen of 1,970
ang piafHC natidrubf 880 ton3)000/i(lasphal t enes) of 6.6 % by
wei ght and total sulfur of 3.78 % by weight, as well

as | fhat ragamn iofs mqmrfmtté A6 that %biédFQte‘Pnft er&%eRf’ emplifies

wei ght. Said patent also clains the utilization

hﬁ%ﬁé%ﬁ?entb erﬂxooﬁté;né&mto?' (% bR o 'efr‘h aflospRBA: Vresidue in the

groups for s age a ca yst

enat supported i n, o gani c ,0 or »
foline° [aberafill JRinGEP Brésilrecob 4 %Galstey LBy B 02 w7,
1998, whichis in art a continuation of the American
teﬂmeéﬁiurw 5 760and 395°Cdoatlae first and sppendistagesairespecityely, and
conprises: a') a fixed-bed reactor packed with a
HoHCaratinn of 700y o¥ip therebyl dbhtaning lhetal yemdlalst ofpBli+\6lafutd9 wppm,
and b') a suspended-bed reactor packed with a

total titestgarubf /970 wepeRinsolableb an yQy eagrtilitenbs) of 6leu%nby weight
product of the reactor of section a'). According to

arld fotBPRANGH UP 3078 hIy WRIGH! |Rlwellldsh Brid@fi¥N & Sediments and

petroleumis fed int react or pac

sl@dgﬂé’ oY %dﬁﬁ‘% aﬂ)) %%Htpgaid patent also claims the utilization of a catalyst
based on a metal of the VIA, VIIl 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
hydrodesuifurizing 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

t hereof. The hydrotreatnment may be carried out for a

catabysh mneldthesr bptheoheavyreil dfheetoglenmt hydrodenditallized imistage a) is
simlar to those 5 described in US patent 5,591, 325.

fethe Mexigashdedtload rd¥ctdbr Willhh ﬁﬁdrﬁd@%ffur%@tloﬂig@‘ﬁalyst in order to

granted to Instituto Mexicano del Petr6leo [the

PRl A eI hyditr étﬁéﬁtrtﬂbgéaﬂ QrgYrdifsatielt ‘ﬁ‘if)ﬂﬂ%%amed out

ydrotreatlng eavy cru

fO‘%L# ok BT SR, nd cpstie ta8lopé §2 L 1 tos

rotre i 0 of heavy crude oils with APl gravity
@Hﬁﬁjgi’at%ttﬁaf’%" PLRal boiling tenperature range
from roomtenperature to 800C at a pressure of 760
mrHgherdexicant patentMX cbit, 80t ofghugusir 28,4992, geanted to Instituto
wei ght of sul fur, 1,000 wopm of nitrogen, 150 wppm of
Mesicahe dehl%t&ilear[thevmwathSﬂMe of Paimoleveni rovides a procedure
asphal tenes; separation of the effluent fromthe

fof ?%F&Fedt%g%éé%n@:d@r@%eto%ﬁaﬁﬁ Oﬁgﬁéf@ brtﬁ’i@%ﬁt?%g API gravity of

vapor, and carriage of the |1 qui hase to a scru

SR BT AR AR 6 0B B g4 Bgroreaimen
Rt G RO R SR R —

quallty thereof The patent US 3,901, 792 of August 26,

ranges fromj leem, emnasaturer to B0 &neatapl PFesgyranat 760 mmHg and
desul furizing crude or atnospheric residual in

conlamingnd eordgots. gréater i thbhy 2 b dyhewightt efdsilfurk 1,800 wppm of
i ntroduced with hydrogen within an ebul | at ed

niragehyt60 g ft metdls! ér@&ﬁd?gampafaﬂbdﬂﬂn)?@h@' bl 90y weight of
to

pressure of 68 to 170 kg/cn® tenperature of 387 t
aspHeftenbESYePhralior ot thel etflient: frdRelie E5ct9F % &8 1Rlid phase and

another phase of vapor, and carriage of the liquid phase to a scrubber. This
process recovers a treated or improved crude with low contaminant content, being

able to process as one 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 nicke
and vanadi um of the feed. The light fraction | eaves by
the upper part of the reactor as acid gas for
subsequent recovery of the light fractions of

qbgdtityazfrridcied andnesretiumihsf thedoed. Bid ligitthfadtiorcieades b?dhe upper
to a second stage of reaction mxed with a streamo

pardsogR rdor &S A8 rq&@%'i‘lécdb%béééljr)tofééoﬁ}?ﬁ/ B?%é’giggt fractions of

the sane characteristics as that of the tirst st
yhocBudti SinBRils, e, G ERIERN: s ¢ IaBEE e second stage of

t her eof ereas the |jquid effluent recovered in .
RO IDLSHIRHa 2 SBPamsOf BiragBador 8 veliedesiiiuzation in a bed of
fractioning or treatnent. Anerican patent US 4,166, 026

tha samgeharageristicoas that efcdhs figst stege: bigthe upparrparbekthe reactor,
of hydrotreatnment of heavy hydrocarbons, such as heavy

ther gdssqug ppkich i rembeered fmusubsegsiedt reatmehi thereésfowhereas the
oils with a high content of asphaltenes, heavy netals

- liguid SfiLERT redd\erbganythns |sccone@iaetbrt i%géér?tﬁﬁctéﬁtth 8 subsequent

stream of hydrogen for the first stage o

frggﬁrgﬁ?gﬂ,@%ﬁ,{?éﬁ{i on and hydrocracki ng of the

enes. e effluent after being subjected to

" Spbbah GHBRE 2 SBBEE 8 bt 2, H7L bl v sace

hydrogen sulfide and, |ight hydrocarbons is conducted

- prosess Of hygpireatatent 1ok heakywrocTbem® suchhas heavy crudes, topped

hydrocar bons, whereas the |iquid effluent together
CRydeR, ¥aguum residues eebitumineus ailfs wilhda dyghn quedendsoft asphaltenes,
second stage of reaction where the principal reactions

hedvy Inyetalsdesnd| sulfurz aTherheavg bY ds ageatet r Reeedr ithasestream of
ef fected. Subsequently, the 20 effluent fromthis step

h'cﬁogéﬁ%ﬁttﬁg fifdt astage - of AVHbRARAERESfon IRl RybRSracking of the

iquid product is recovefed and conducted to

FHEREALE" ThE AU 05k oLEREILET, S s BB concutea o
a B&gﬁi%g%qseﬁa}/rg{o??’%ﬂe?g He't ggseous 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 Iight hydrocarbons and the
gaseous fraction rich in hydrogen and hydrogen for 6
scrubbing in subsequent unit. The operating conditions
in which the process operates preferably in both

scriubbig i subsetobhbwmit. (thes sperting 30ntikioAd Oink ghiui2 the process
tenperature of 350 to 450C, H2/HC ration of 100 to

o%el%@@s PREFBPADIY iith Dioth BeIgds' 4% a®followWiA HBssie &8 187250 kg/em?,

.1to 10.0 5 The process of the present invention

tef : éel’(%fllslﬁ ST féﬁi?@'cg @ﬂgﬁf?ﬁaﬁ o1 19 torzegﬁ({) g%(r:rgﬁlplgﬁgs  per liter of

ves, operatin ons and res

iR anbiBs Voo Y B G1 1 ow pr escur e operati ng

conditions, of the type of reactor and of the type of
f eefiBe JURCeTs BE tig dreserddnuentiop pregants copgislerable differences as
provide a high capacity for renoval of netals, sulfur,

ragards gbiediings, opermtipgatcaretiticns aad weblltssohipared vttt trose of the
formati on of sedinents and sludge, to obtain a

albonl pafersriced, Birndedt Ry Bffectel bynR conisinMiaip ef Idvepresdiiré ldperating

are presented with clarity and detail in the

odrliiad, ™ tRE PSS bF reatibihiy O RS of HEed SHERNY 68 ydirotreated,

e present ventl on provi rocess o

r refi.ni i pdust r [ a catal yti .

Wi BoBltr ey RSl SEEREBRYaCh By 2y wirogen and
effected, in twd stages of reaction that enpl gy .
a3n Dﬁéda%wei'tﬁﬂ i'ratt%a-tbeéomf&rw sedifants ghdisiiedge, to obtain a

conbi nation of | ow pressure operating conditions, of
hydietregied kydrocadhencef iapioved prapertiess which esd pressnted with clarity
be hydrotreated, which together provide a 20 high
archgeatziltiy the follosving ghapfersret 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 hydrotreatment 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, 7
bl ends of heavy and light crudes and petrol eum
residuals, such as residues from atnospheric or
bleads ofnheayy iandalighirorudes endmpetedeumaresiveialsgrsudht gs residues from
bel ow 32 and a content of distillates recovered @

ath@Phbes ortvarauBD ditilation winieh pressst s aPligravisy Bslow 32° and a
objective of this invention to provide a process for

cdritent &F GRS LoV 85T s ihaRaRyY, By YRR DONS

0 petrol eum th roug I nation o OW pressure

n r.
Che "?%“s%%eb? Beith SastRe bk e lo FEBSYaR o pRocess for the
r.limt th rmati o f sedinments an
o RV BEImEBE At eBVH: BYSica o0 PorPadieun. trough the
provi de a ocess for the 1o catalytic hydrotreatnent
G%mbiﬁah@ryo s}uv-@c%ﬁamgpefatm eenditions, dithe typseek reastosrnd of the
gravity below 32 and a content of distillates
type colv deedbt@ b IBChee hiydidismat&d, Whitly togkthes. limit Hudddrmation of
obj ective of the present invention is to provide a

scplieeBSandEiuge. catal ytic hydrotreatment of heavy
hydrocarbons of petrol eum vvhereby a is hydrocarbon

of AdBh&Y f}gjd?;"n%etﬁft fh%sgfe}e?lli’tlg\/ \A1rsur ) ﬁr&h&‘% gh)%eess for the

content o sedl nent s slu er o

tion rov or
oot Byfleietoehl dF Beph ndc2eROR of eftpiBE T srsant an AP
Eroleun1 pat has a high capacity for remval of
araubaPeIoVGB2San i coptens i disglatamescometash @PB8iEdessthan 80 %
well as 20 limting the formation of sedinents and
bystaldige. An addi ti onal objective of the present
invention is to provide a process for
An added objective of the present invention is fo provide a process for the

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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the catalytic hydrotreatnent of heavy hydrocarbons of
petrol eum whereby a hydrocarbon of inproved
properties is obtained that can be used as a feedstock
to 8 process in the conventional schene of refining
or be sold as a hydrocarbon of petroleumwth
priogpss\ir dherapentiesal schenom af refininlgj ec bevsoldfas Behydrocarbon of
present invention is to provide a process for the

pét&tl@hMtWHhh’\r;\i/EfmieﬁqabﬁEﬂtesof heavy hydrocarbons of
petrol eum ich can be 5 situated before the

C OWé’Péh@tﬂ@}‘ o'fgrefc'tl% "(‘% Bf%sﬁ:ﬁt:@%arﬁﬁ ?@?r&?— o @écess for the

gure art th

C%%M* EafﬁJﬁgﬂﬁsRﬁ%Ec Lo AEHRARRONT, oRBRbEEM, Bhich can be

|nvenﬁ) g) H r@ﬂ serves as a reference in the
g petorg %SBPV%@N refining BBQ%ﬁsﬁr ng a hydrotreat ed
hydr ocar bon of inproved properties and a m ni mum
content of sedinments and sludge in the product.
Al though the schene of figure 1 illustrates specific

di sposi ti ons BRIEFUDESCRIPTIORPOR THE DRAWINGS:Y

be put into practice, it nust not be held to I|mt t he

e RPep ST A Tt ehack il Bans B dy st v known to the

best nmet hod known to applicant for carrying out the
anpligant pkearmdng ost thﬁeaweﬁ§ §Heeesieds the Ppryand inantion and which

two stages of reaction, in 20 fixed or ebullated bed
sareas borarefardncednfihe reecammw obapphtatiom, feraokthining a wdrotreated
principal effect is the hydrodenetallization of the

hyigayarbbyds i mapead opropetticd anth a anmhihbm kyAtept refcékddients and
of asphaltenes in the first stage, and the

s[h(Y gpﬁ@ggrg%bﬁati on and hydrodeni trogenati on of the

eavy rocar bon of
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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petroleumin the second stage, through the conbination

of | ow pressure operating 9 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

cangiliahs,cofebe tgse wéIréactor landidfithg type of deedatocltobe hydrotreated,
sedi nents and sludge, to obtain a hydrotreated

wihith Rt protide® hifeeapadiieiol r&hoval bm@eA1S! Slifur, nitrogen and

there exists no limtation of the type of hydrocarbon
. . t :

oSS B A Rk SorSuBt OF S38n it N gRaR o ot o

are.th a crudes,. the extra-heavy crudes, blends

h)ﬂqroﬁgg\%iﬁﬂﬁ%f:?%" r'm’égv%‘iﬁr o-eum resi dual s,

such as residues fromthe  atnospheric or vacuum

di st 19e8erdn thels exists exedimitatiopeof rthe gy iof yhydresarbon to be

“than 32 io APl and a content of distillates recovered

e@apka&d hesfeethtanttsd protyss of the. preSkat éxantioas Arhong the heavy
application of the present invention include heavy

hydredarbonscof petrdleudsaret ihe hedwecrutestHd estra-heavy crudes, blends
at nospheric and vacuumdi stillations. The present

of NS0 ) ROPEABER 4R petapain syl b Wldts fom o

=R b1 S el Wil bR AGE BBl er PPl sy then 32°

AR)arecs Soriars raadfites rerelrod e BB Tesdiamgo, Heby volume.
heavy hydrocarbon of petrol eum hydrotreated in stage |

The exampies! ofrapplioticn of-the presert isventiom include heavy crudes and
hydrotreatment catal yst, for a deeper effect of

relsidiresd twulatter resafitiranframdatnysipheeici ardogenaim distitihtiotdie

heavy hydrocarbon of petroleum 10
The present invention comprises the stages of:

1. Feeding the heavy hydrocarbons of petroleum 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

. 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 hydrodesuifurization and hydrodenitrogenation of

the heavy hydrocarbon of petroleum.

10
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Due to the fact that heavy hydrocarbons of petrol eum

contain a large quantity of heavy conpounds

precursors of sedinents and sludge, it is inevitable

that they are fornmed during hydrotreatnent, wherefore

the process of the present invention is carried out

by Duwe twrthé ntact dhabfhdasy- pydrosartmnspef gpétrgjeum contain a large
conditions, of 5 the type of reactor and of the type
qaénﬁtﬁeﬁm doPnisuritistpRicuestire &f selliméntsfift BRidge, it |s inevitable

provide a high capacity for renmoval of netals, sul fu

tH%it LLTEETRS ﬂﬂﬁ\e%scﬂ’uh%q] ﬁg&@rt]l;?%?megﬁl\&hé}éfdrg Thé r{ﬂgcé&eof the present

formeti on of sedi to o

Iﬂb/ﬁﬂ{l(?ltl e@érggaé)}%( ﬂ&ﬁfé? y g)g'ﬂ% ﬁ%@dr‘rﬁf 3% ﬁrgg rf)ér%glpﬁec&ngltlons of
¥ GP6(H Eaecigh A &5 dne Sie Sﬁ%@du%ﬁﬁedq%bﬁ%mam gihih fogetner

resins and |light asphaltenic fractions, as well as by
provideia &gy capacity for rereavgl ofmptals. issifes nitregenandrasphaltenes, as
heavy hydrocarbons; by reducing the nutual solubility
weh exrselirhitingt theafoseation difnsadiaients) aad dsitidige f for obigimm bydrotreated
sl udge. Another source of formation of sedinments is

hﬁjfotﬁmoﬂtdﬂ|fdplr@&bd)brdd&tlé§/drotreat ment catal yst during
the 15 operation, which occurs preferably in

ebu I t
o BEie R o3 Rinal tnd S RloBCand Bafinits dte Mirfhounds that

as |s do e, lnt nt_.inventio e

oy pi(r0 “gurhd 15, BVETSHeatip ) apfons ol ég Be T
is carried out nopderately, in such a way

resige AR IS rAsTESRIG frachians.cag kel ias byaﬂhgodaakalatﬁ@a of heavy
It is also 20 observed that when the process is -

agphaltenee dpiiesehbin hressyuhpdmogartzanisagy ceddeingotie, mutus! solubility
favors the formati on of sedi nents and sl udge,

theheufe ftocariseBesedimenestibrobnt the fopaatidn iof\eidge NAhsther source of
carried out by the conmbination of |ow pressure

[ | f t
foﬂﬂgfl?@ ggggfemﬁ%gg sligo ktht@oatgrg%nh%ﬂgtf;gﬁygtsggéﬁﬁm%ﬁrkﬂatgﬂst during the

op AR S hith Ucbuld Sref =R} inbb MatsEHEATEA G ORI S! udge.

It is also important fo 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 performéd in low-pressure operating
conditions, this favors the formation of sediments and sludge, 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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11 The applicant of the present invention has found

that, surprisingly, the properties of the feedstock

are inproved and the formation of sedinents and

sludge in the product is Iimted by being carried out

in tw stages of reaction in the |ow pressure

opeiThei agplicardi of ¢ins presentirevemtiohi has dobadethzde surprisingly, the
FRAI\/E | General operating conditions with |ow pressure

B ﬁ%nfgeﬂstdémg?e-%gm@hhenthepfcﬁﬁfétroﬁ oK%ehifents and
-130 Tenperature, C 32 450 Space-velocity

ELH?%‘“QHFOM e @@ﬁﬁe?ﬁf‘j%%"gﬁé"éﬁﬂf%%éb%% pf fgaction in the

I 350-1, 200 Mor P'léﬁem cal t he ?’@8 a nt ha found
QRRISISHES PRI FING2N PHy™MS %or
each step are: FRAME 11 General oper ati ng condltl ons

with I ow pressure for the step | PARAMETER Range of
operation Preferred range grafpecperation Catal yst
Sel ective towards hydrodenetallization of

E?SL?E?LW@?“E% Rpraghg preghs R aM Plisure 5,

= 450 350 - i
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
liters by liters of feedstock (nl/l) 350-1,200

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

conditions for each step are:

FRAME I

General operating conditions with low pressure for the step |

PARAMETER Range of operation Preferred range of
operation
Catalyst Selective fowards 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
ratio (Hy/HC), nl/ 350 - 1,200 450 — 1,050

12
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Space-velocity (LHSV),h-1 0.2-3.0 0.2 - 2

Hydr ogen/ Hydr ocar bon 350 - 1,200 450 - 1,050 ratio
(H2/HC), nl/1 12 FRAME 11 General operating conditions
with I ow pressure for the step Il PARAMETER Range of
operation Preferred range of operation Catal yst

Sel ective towards hydrodesBRAMEhti on and

hydr odeni t rogenati on of hydrocarbons Pressure, kg/cnR

40 - Gehetal opEfatin g&&aﬁﬂﬂbﬁsewuﬁ I%Wpreééﬂ'ea%@ the$€p I

Space- vel oci Ly (I H

(L) PRRRAREERT 20", Bonh %%%?8% : ? | etatred fange of

éhrfotreat TENt cat al'yfst's Sé%tubé‘té\ﬂﬁ rodésififfzatibn and
Ca %Wgﬁ

Stion differ in tHeir
textural properties, fwhi ch reréléjl 'E"é O?E rocarbons

Peedseiod,ikg/em® f or t he rfenoval 40f- t3t ani napts. The45 — 90
hydr ocar bons hydrotrdated by the processjof the

Terpepdtlrd,Peenti on  prlesent gomsiyggr abl e i nproverBpLs4sg
in their properties, jconpared with the heavy

Sﬁé{%%f& ﬁ?ELHg‘é/ |ﬁ1; qn nodi @yén%g)rl nci pal l'y the % 2

pec prloperti o gravity upt
HW!@Q@NVHWrebs{rbtﬁ uni t]s and content of di$tillates
rartisc(%ﬁ-i@ﬁl n@ 538C 350 - 1,200 450 - 1,050

It is important to note that the hydrotreatment catalysts used in the two
stages of reaction differ in their physical, chemical and textural properties, which
results in different selectivity 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 principally 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 siudge, without prqducing blockages

due to these materials during its continuous operation.

13
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by up to approxi mtely 50 % by vol une, conpared with

the feed, with a mninmum } content of sedinents and

sludge. It should be noted that although high

quantities of inmpurities are renoved fromthe heavy

hydr ocar bon of petroleum the process of the present

i nvActowtingyo the peocessc af rthed poegent hinvenfiori,ha mixture of heavy
conbi nation of | ow pressure operating conditions, of

ﬁdii%cbmtmspéf pé@siedm and Hdrédeh iy pretifaté® e shas ke#dh RS reaction
ydrotreated, it unexpectedly maintains a |ow content

%ﬁpé@%,@ﬁﬂtasd@é}gfﬁéﬁgg% wi t hout produci ng bl ockages

ue to these materials durlng its continuous

r t.h S 0 he
ioﬁs aﬁeoﬁrst a{eﬁéi(f P g':l t %mﬁurﬁﬁc %%aa‘f %yérog?ﬁ)ons oft petroleum
trol eum and dro en i s preheated to then reach jts .
agga'&qreﬂent@ ﬁ@ Wahﬁai hdrptreatraenie seagtor i th@econditions
first reaction sta the m xture of heavy .
regjinedclor wanvying Optegleoneacmons chhydhydarogiatization eandt bydrocracking
the catalytic hydrotreatnent reactor in the conditions

of egphakehd prinaipayly N gedding ther gashtitpnsf bkavy metals (Nickel and
hydr odenet al | i zati on and hydrocracki ng of asphaltenes

vaha@iahgaéAd/sutﬁﬁgﬁﬁélwgmb&%wm WIuﬁie BEaIsYiIIaRE2| P parallel, other

(Ni ckel” and Vanadi um and substantially I ncreasing

rete%ﬁo QLHBR agfl’lﬁréé#d J’ahgét; ur} E mtéoeénttr(? tion are carried out.

reac I ONS SucC 1on a

hyd enltr enat i carried out bse uently,
 heSaPFPaNary Rk oot reds the Seet noton shgod855% 6 2 second
second reaction stage of hydrotreat nent , V\,here deep
reaptipe deslage uof z Aydereatmenty dwbaehi deege rfmdr@dewlwrtza@on and

principal reactions, reducing the total sulfur content
hydrodehiérogenation iare dhe prinbipap reahktivnsf oedudiing the &taksulfur content
in a conventional refining schenme. In parallel, other
tor @aRiviePreqeivsd insthey groeileegbalils Zektraeneit a conventional refining
scheme. In parallel, other reactions 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 to 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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15 hydrocracking are carried out. The _

hydr odenetal | i zati on catal yst (HDM enployed in the

first reaction stage is a nickel-nolybdenum based

catal yst, whereas the hydrodesul furization catal yst

(HDS) enployed in the second reaction stage is a
Aogstiom, idterede ribis: regiend of atres ys dessotitam 04 & yisttse USBS catalyst
an al um num ganma as support. 20 The HDM cat al yst
(sodThbles ahdvgkurface area and a pore dianeter and

pore volume higher than the HDS catal yst. The pores

of frhe pihdigat §HV§r‘ita@éeof"ﬂ‘ié; rﬁr%_ggrgte%\fe@}ﬁﬂ iis”ttiég‘ftl}eh process of

region of 100 to 2507 Angstr er eas

oA A ahebfcel SEANLAYkRaTSte SRIEPIARY! R prosent an
AL S B e S LGS 5ot B e

than 0.5 %in the HDS catal yst (see Tables 3 and 18).
theneB0 % byiedumadisaeardgd ovt byHbemosstinatiom ok low-presssire operating
that the process of catalytic hydrotreatnent of heavy
cimyditiosyrdfdhs tge péreadtenand wiithd tyye st fdeddtocioto®bd hydrotreated,
gravity lower than 25 and a content of distillates

whRPOEERTEr Gr6AEE d RIR cartity 30r PerRYvABiUiiBtald, s hifgen and

out by the conbination of | 0w pressure operating
It ; f f .
=AehE81ss bl Bng o AIREr A0l B R fo obein o
B ket B el T lpremaure operatin

formation of sedinents and sludge, to obtain a io
CQﬁF{WQﬂSp lft whigly dhe dupeess ¢ thepPiseant pinypetien ds. caried out are,
| ow- pressure operating conditions, in which the
gqmragyssthose presgnted éimtramednwhere as foneadle deantionastage there are
generally, those presented in Frame |, where as for

spsific oepeferablystagestdfdow-mreesusiaisdrhtifg eongitivhs axbpiesented in
ranges of |ow pressure operating conditions as
Frahesenaad (1 Respectively.
Specifically, described below is the flow chart of figure 1 which fllustrates 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 thé line (7), which is constituted by a part of the fresh

hydrogen (5) and recycle hydrogen (36).
The fresh hydrogen indicated by the fine (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

15
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Franmes Il and Il respectively. '5 Specifically,

descri bed belowis the flow chart of figure 1 which
illustrates the best way known to the applicant for
carrying out the process proposed in the present

i nvention: The heavy hydrocarbon of petrol eum

stagei cet2ydand théeseconé pat) (6)iis semt toduthedcatalytie deaetbr of stage 1
tank (2), and is conducted through the punp (3) in

(1B)der to be mixed with 20 the hydrogen indicated with

the line (7), which is constituted by a part of the

e g i o RO YEL 6 PRHASE Pl Bt rom i
G AR b aaggﬁeﬁeﬁ)o@éﬁm%sé%smpﬁ@w p—

(BT e ?'@ﬁiegﬂﬁbi cTiva Reeldd ghvett (Efigecanduetad e catalyti

t he second art % is sent to a the catalytic reactor
raact@tcsfgiéage (12t tha neadtispdieniparatuse dnditgteddg dvag®) Il is order to
preheated with the effluent fromthe reactor (16)

carhy ougpriacipady the cbaciets 6P hyditcdentstallizatiae andshydrocracking, as
tenperature by neans 5 of a direct fire heater (10).

wérlﬁ%sh&ﬂhﬁiénﬁ‘éﬁtbﬂﬁféacﬁl%)a toSa $ORG JeRffed ft rG@éQ,lllmriz%tlon and

reactor of stage 1 at the reactl on terfperature

h d}gagﬂﬁ,%gpbgttl(g 7 ane II |n order to carry out

rincipa & reactions of hydrodemat allization and
ocrac as co | enent ar eacti to
%é?rog gg\gag)ftre\[%%q o'GegTﬂ f%qqtmyg (1:‘2{1 is mixed with
h drodenl trogenatl on. The product hydrotreated in
amtbe*f pag of tgc fresh fuda@geq ingjicatednbx sk Winen(6)aibonder to form a
part of the fresh hydrogen indicated by the |ine (6),
strearor{dd) thet imimreducsid éarthé 1dgtalytiat reastdrnot athgeedl (5), where
the catalytic reactor of stage Il (15), where
principally the reactions of hydrodesulfurization and hydrodenitrogenation 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 Iil.

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 fight liquid hydrocarbons are

separated (33) from the stream rich in hydrogen (34) which is recycled into the
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principally the reactions of hydrodesul furization and

hydr odeni trogenation are carried out, as well as

conpl ementary reactions to a | esser degree of is

hydr odenet al | i zati on and hydrocracki ng, according to

the | ow pressure operating conditions indicated in

PrecaRs by F he conapiassantid)nhiither secanedbarh of the vawor (27) is conducted
reaction stages (16) is cooled by nmeans of a heat

te sobrgge swedjeninglohdditiedallyo irmthis highepiessuns separatdr| B8 excess of
water (18) and further cool ed by neans of a heat

r@éﬁ@ﬁéﬁﬁﬁfr wakd) is dbtaPiederhity id B&ﬁh&@e@ %‘Wé@éret‘ﬁ'ez?t%érﬁ

the high pressure separator (19), where
I

ot R fﬂggﬁé?tﬁlf%ﬁ@%%ﬂ“Wﬁ“%eséfi%%%é%d n he sou
h i.nto

dr ogen divi ded t art a

w6t 89 Lenditliod Hiom . ihst Nissireattopiniidanpd goraldiSd to water
suction tank of the conpressor (32), where the |ight

trealnert. hydrocarbons are separated (33) fromthe

streamrich in hydrogen (34) which is recycled into

t he Thedigpicoelsienb(2Q) Hrore ding higghspres66i8) sefiratdrd 19 isantroduced to
part of the vapor (27) is conducted to sour gas
af\gxphAsiono:alvisl(4)itertditdiv.a liduid bi vapgtr@re2he 828) ¥hich is introduced
separator, an excess of residual sour water is

tPt 8bAHY ‘Qﬁbﬁfétbl? gg ﬁ&tﬁdloﬁnp Y& t(QB 58t whlc 2 stream of

I|qU|d ef f | uent at cont |ns t n|a sa

A D i O&E%egn@fﬁ@ia%cﬁei‘ast?psa%%ﬂr B Bt fr

treatrret The |i deffluen 2 fromt
r4GOYRD gl@@ép PERrOEDS) Obga ‘?ﬁ r'de?,%oPrpéeS%nOf the present

expansi on valve (24) to obtain a liquid - vapor stream
inveBlion.whi ch is introduced to a second separator

operated at- | ow pressure (26), fromwhich a stream of

i o Theilitpad egflsenRgB0) solsthinednad, thahlovhpressteat séparator (26) is

gases treatnment plant for the recovery of the Iight
CONEUICRSA T IPRRSgHP LA apivag (M) e PARSSSHinms Fhe iRr pP&&ssing 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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invention. The liquid effluent (30) obtained in the
| ow pressure separator (26) is conducted through a
punp (31) to battery limts for its processing in the
15 conventional refining schene or for its sale as a

I'i ght hydrocarbon of petroleum Additionally, an
excess of residual sour WEX&MPRE)1is obtained in this
separator, which is sent to water treatnment. EXAMPLES

20 Aospeidifie ra;ip'llbsﬁdri df ahé f‘rﬁo@é@é? F cAthlylid Eh)d%‘lg@t?é‘éihent of heavy

i nvention, below are exanples to SU port

kb i AL o et g« o
R S e BB A 5 Bocaton of

.invention, to obtain a typical feedstock for a

inrRved Prepaities o is the mpesthiag maswartied out enshydsotieating heavy crude

Wﬁédrocar bon of 5 inproved properties, is the one that
ith she specifid ppoperdins Hyalr arermrasentgdrin ﬂi@ble Hutrerough tthe cbmbination
specific properties that are presented in Table 1,

oft fonep@ssube operdtingatoriditiond tHavarprshod fh TBBIAR] Fotwo stages of
conditions that are shown in Table 2, in two stages of

f)fédSSQd bedak ﬁéﬁ“ anget h§sdis gof h{?dr%ﬁ%ﬂ?&‘%%dr?%%) and

and ydr odesul furi zati on catalys

gﬁ@%&@@&gﬂ{»ﬁ ARG e Bl o

ant . reno als, total sulf o
W§'§Bh dafrpnelats et a&@w h sHEPTiRai thely aghieve significant
sedi rrents and sl udge is unexpectedly |limted, and the

refyamad of anetats, hiptalosulfuso asplaaltengsr and dotal dpisegemsthentarmation of
Is presented in Table 4 is obtained. Table 1 shows

sddimentshand ebdigiossumatpevtediniimiteldiamgnthe mattotréarddehydrocarbon
ofsi;nr;;;c?ved properties that is presented in Table 4 is obtained.

Table 1 shows that the feed does not contain sediments and sEudge_, 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 fotal

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

18



Is these are forned when carrying out each of the
reactions of the hydrotreatnent process. Table 4
shows that the netals are reduced, after the two
reaction stages, from 353.5 wopmto 113.8 wppm

sul fur from3.44 % by weight to 0.66 % by weight,
asphal tenes from 12.4 % by weilgilde deso a 4. 67 % by

wei ght and the total 20 nitrogen from 3,700 wppm to
2,045 wppm 18 TablPRrdperfiesisfrd heavpcradéeavy crude

Pr operties ASTM Met hod Values APl Gavity D287 20.91

wppm D 4625 "3RS acpnal t ones, ARIMURER 270 1 Dakes

S,—wppm-Ni.+V 353 5 Sedinments and sludge, wei ght %

—Met al
ABI'ggawity. 0 Conposition, vol ume% FPa287 on | BP. 17020.91

15.6 Fraction 170-360C 25.5 Fraction 360-538C 21.4
Tetehsulfon vEBI@H% 37.5 Fraction | BP-[33284 62.5 19 3.44

Total nitrogen, wppm -D-4629 3,700
Asphaltenes, weight% D-3279 | 12.4
Metals, wppm

Ni+V 353.5
Sediments and sludge, weight% D-4870 0.0

Composition, volume%

Fraction IBP-170°C 15.6
Fraction 170-360°C : 255
Fraction 360-538°C 21.4
Fraction 538°C* 375
Fraction IBP-538°C* 62.5
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Table 2 Operating conditions with | ow pressure for the
catal ytic hydrotreatnent of a heavy crude in two

fi xed-bed reactions stages Stage Operating conditions
1 11 Tenperature, C 400 400 Pressure, kg/cn2 70 70
LHSV, h-'" 1.0 0.5 H2/HC ratio, nl/ I 890 890 5 Al so,
said tabl e shows that when Fabgwi2i cant renoval s of
contami nants are attained after performng the

OpétatingeedhBitionsHivith 18lv pR& SR\ Bhe! @S%asl%i/o@ E)‘)yd\ngrgeﬁtt?‘ent of a

formation of sedinents and sludge is O.

a value lo { |40 f @B 20 DY
el ght i Beayy tbdin BEFAREEHAN taebiort vihgls
operati WW%&@L@—
reports that the APl gravity increases f 188£20. 91 to

28.93 APl SReraHRIGMMAHONS: distillates recovered @
538C from62.5 to 88.1 % by vol urme, lobt ai ni nglla
conversion of the feedstock of 68.3 % by vol une. 20

Tabl e 3 Feopmratues, W@ HUM and HDS cdgel ysts enrgigoyed
in each reaction stage Properties HDM catal yst HDS

catal yst pr&gagb] Rifcsfage | |1 Physigal propergges
LHSV, h” 1.0 0.5
Ho/HC ratio, nlf | 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 APl 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, obtaining a conversion of the feedstock of 68.3 % by volume.
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Size, cm 0.254 0.158 Surface area, nR2/g 175 248
Pore volune, cnB/g 0.56 0.51 Mean pore dianeter, A

127 91 Pore size distribution, vol % <50A 3.09 18. 32
50-100 A 6.71 58.45 100-250 A 69.09 22.84 250-500 A
15.02 0.23 500-2000 A 6.09 0.16 > 2000 A --- ---
Chemical properties Ml ybdeTable 3peso 10. 66 12. 89

Ni ckel , %peso 2.88 --- Cobalt, %eso --- 2.5 Sodi um
WRrSpetdes of HDMadH HD® eatalystsSemployed i 8BER réaction stage
Properties and conposition of a hydrotreated crude

STV PpYopbrties ¥ RDM catal{st ™°" ' ~CHD$ catalyst
reactors

Reaction stage | 1

Physical properties

Size, cm. 0.254 0.158
Surface area, m¥g 175 248
Pore volume, cm®/g 0.56 0.51
Mean pore diameter, A 127 01

Pore size distribution, vol%

<50 A 3.09 18.32
50-100 A 6.71 58.45
100-250 A 69.09 22.84
250-500 A . 15.02 0.23
500-2000 A 6.09 0.16
> 2000 A --- -

Chemical properties

Molybdenum, %peso 10.66 12.89
| Nickel, %peso 2.88 e
- Cobalt, %peso --- 2.5

Sodium, wppm 412 e

Titania, %peso 3.73 3.2
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APl Gavity D287 25.2 28.93 Total sulfur, weight%
D-4294 1.77 0.66 Total nitrogen, wppm D 4629 2, 616
2,045 Asphal tenes, wei ght% D-3279 8.29 4.67 Metals,
wppm Ni +V 228.7 113.8 Sedi nments and sl udge, wt %
D-4870 0.12 0.65 Conversion, volunme% 36.0 68.3
Conposi tion, vol unme% Fract i DableBP- 170C 15.6 19.3
Fraction 170-360C 28.1 37.6 Fraction 360-538C 32.3

31.2 Frapt
76.0 85, 1 ThE oo T oo P ATy ot e

process-of catatyttc hydr EWL et s—of—heavy
hydrocarbons. of the prese venti o ugh the
conbi nE{ &!ﬁs | ow pr esi\hjr? Per ati %’%@E&l tions, STAGE II
the type of reactor and type of feedstock to
bhe hydrotreated, significant quantities of

Nuahes of reantersare removed and the 22 forfmation of 1
sedi nents and sludge is unexpectedly limted, to

APtGeadtybel ow the acceptabkzg7init thagsguarantees thgo3

~continuity of the industrial operation, further

Tebi gufm,rng,eggm% abl e convesgbonp of the ﬁqqut ock to (66
produce a hydrotreated hydrocarbon of inproved

S | evel s of am nant | gravity
T%gngogﬁgt [ es wthin I?‘rﬂt%gaglganges c?ﬂ%ﬁﬁl y report e% 045
Asﬁhalp%etse\%glsghtty pical to rehioyng 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 360-53.8°C 323 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 wth

the foll owi ng equation: 10 Conversion = (Fraction

538C in the feedstock) - (Fraction 538C in the

product) X100 (Fraction 538C in the feedstock)

farrravienEoD sadimérds ampbsiudge Bpphéxaddtediydfmitdd tor lkveRsbelow the
of catalytic hydrotreatnment of heavy hydrocarbons of

apeéptabRUMRTthbh GUBFAESS thé 6BREIMATY of thd %&%I"Mﬁe‘?’é‘tlon further
was 15 carried out on hydrotreating the heavy crud

o%%rlﬁéﬁq,ﬂl Rotabld E:c{]#e'?ﬁoﬁ PEEI {1&—: Cfe%rcgﬁfcrkt & Spfo%ﬂeét g dh{/(ﬁ]rotreated

rou h € conbrnation © om#pressur
ratin condltlons t at ar mn in
h@@@&?iﬁ?f? of 8Piiver-PRpbMEsBEE 18YEF rutprtgBisants Afbfravity and
@éthe use of HDM and HDS catalysts of exanple 1,
tes withinethe sangase cpreaenty d@ppHedaip| ﬁtesfe&qﬁ bipical to refining
together dermonstrate notably that the 20 formation of
sghemeasnts and sludge is limted, as well as attaining
significant renovals of netals, total sulfur,
as phattiat rega@n @ isdidoriaint to geke tivitcthehscriveigian tdfehe feedstock is
hydr ot reat ed hydrocarbon of inproved properties shown
cAlBulbed] @it thibliding BRuBfiGH ous example, 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 the process, in order to render the
BLOsESs —cVeartipasss %vl@rtbe fepdstogk) e SRrnotianS 38AE* ot theproduct)
C X100
operating conditions GW&*@HG3@%?§§H&§%mﬁ&mkﬁe type of
reactor and the type of feedstock to be hydrotreated
wi t hout any change. s

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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Table 5 Operating conditions with | ow pressure for the
catal ytic hydrotreatnent of a heavy crude in two

fi xed-bed reactions stages Stage Operating conditions
; I 11 Tenperature, C 400 400 Pressure, kg/cn2 70
54 LHSV, h-11.01.0 H2/HC ratio, nl/ 1 890 890 10

highkt eafueghinvihe tdeabntl reactidralstagy of thed progssnivt ogler to render the
surprisingly as in exanple 1, but significantly so

PRICERE dVem 1043 sORGE! Bt PHésRving! m%’é’r-cgaée@mﬁgotc@na%ns of low
wppm sul fur from 3.44 % by weight to 0.802 %Dy

i ’ | 0 i 0
PSSO o B DRE R TeRbRI AT the 04 SDIStdek & B0 Higrotreated
m 15 Furthernore, said table shows that even when
Wﬁﬁ&r‘teawgh"f‘?&%rtant renoval s of contaninants after
carrying out the HDT of the heavy crude, the formation
> of sedinments and sludge is surprisingly 0.32 % by
wei ght; a value notably |lower than the acceptable
limt of 0.8 %by weight, tDableiftain the continuity

opesnlifartandion wihibe reskie Yo By FarEe byciofdatiment of

ASTM heavy crude in two fixed-bed reactions stages

Stage
Operating conditions

Temperature, °C 400 400
Pressure, kg/cm? 70 54
LHSV, h™* 1.0 1.0
Hx/HC ratio, nl/ | 890 890
10 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 to 2,310
wppm.

15 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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Properties STAGE | STAGE Il Method Nunmber of reactors
11 APl Gavity D287 25.2 27.52 Total sulfur,

wei ght % D- 4294 1.77 0.802 Total nitrogen, wpm D 4629
2,616 2,310 Asphaltenes, weight% D 3279 8.29 5.41
Metal s, wopm Ni +V 228.7 135 Sedi nents and sl udge, wt %
D-4870 0.12 0.32 Conversi ofiableobune% 36.0 42.4

Conpositign, volune% Fractiop, | BP-170C 15. 6 . 8
Frace: on CROpSgiRs 3ad coppasiiamel Adyarghestitcrde

330 Fr actl on 538CF 24 UpSK@ Fraction TBP-538CF
76.0 7 ane table reports t hat | gravi
|ncreases -F[Ir:kg?ng‘zo 91 to 5 API ngggslg conte $¥AGE I

of distillates recovered from62.5 to 78.4 % by
il ' dof 42 4 %

—volure —obtal-ning-aconversion of the fee
Nykenaffeactars/al ue | ower than the one dbtained in 1

exanple 1, but at the same tine significant, given
APh&iravithe severity of theDs2BCess was @52 to be 27.52
reduced. 25 The results obtained confirmthat the

Tot=tsalfur, waightt4 on, i n oneDaf204t s 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 360-5638°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 27.562°
AP! 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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preferred nodalities, by rendering the process of

catal ytic hydrotreatnent of heavy hydrocarbons | ess

severe, through the conbination of |ow pressure

operating conditions, of the type of reactor and of

the type of feedstock to be 5 hydrotreated,

sur phesresyilty bbtdinad t denfiror that dne opfresedt iawdistioandin one of its
sludge, to levels notably |ower than the acceptable

ptdfairedt hdalues, abv_ﬁet%ﬁd@ﬁﬁgl thél orosdsst be ddiélyﬁérhﬁirotreatment of
operation, even though significant quantitieés of

heawy W&é&é%oﬁéeiés%ﬁ%ga%r@”m ugReiRe! \SprROmEBbA OF Blv-pressure

€ charge is attalne rea

ﬁ%%{*ﬁéaéﬁidi@ﬁ ST Bl ORGSO oot E@Aﬁw&?%ﬁock to be

ical feed for a conventional refini
hs@rﬁ% fosh SoopFingyoms de omlicsear BHTENE BSOS, to levels

erties, vvas done by carrying out the catalytic
nﬁtp@ yolowesithen the accaptabiealiit that guakanise s gantntity af thedndustrial
2, wth the specific properties reported in Table 1, -

opératioghevére thaugh sighifiandiuattited ofcontassinantsomer @mddd and a
conditions shown in Table 7, in a catalytic systemin

nbtBleSt @siferelbnf b%‘eﬂ"ré)eﬂ-nér@écﬁé Oé‘ttﬁiﬂgdt & HﬁdeR;fe HPMiydrotreated

and HDS catal ysts of exanples 1 2,

[ ‘f@[) bI e 3; V\,hl ch toget her
)ﬁi@gﬁéb{onec?reﬁ'{pﬁo eé‘%dfer'ltrérr-atl on of sedinents and sl udge
islimted, 20 in addition to attaining significant
renoval s of netals, total sulfur, asphaltenes and
total nitrogen, and obt ai ni ng t he hydrotreated
hydr ocarbon of inproved pE¥ ﬁgﬂ PLES3  shown in Table 8.

Unli ke exanple 1, for this specific application of the

i nvehnotber speatific epplicatimreof thelwesent inrentiorgitd iobthif taotypical feed

hi gher value, as in exanple 2) in the second reaction
fo2@ conventional refining scheme or for its sale as a hydrocarbon of improved
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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stage of the process, in order to render the process
| ess severe than that of exanple 1 but nore than
exanpl e 2, preserving the other operating conditions
of low pressure, of the type of reactor and the type
of feed to be hydrotreated wi thout any change. 5
stegiel of Theprocess)dncomddirttoorender tthe| procpsedess esclvere tian that of
catal ytic hydrotreatnent of a heavy crude in two
ekamplk hedit neget thanse e, PrasérvirgPicabiney o@@?&ir@@@mmons of
f~ 1 Il Tenperature, 400 400 Pressure, kg/cn? 70
; , Ll i
PRI ol e bt &t Pastsh AL IR Pe of pd 1B npdlbicERted without
aﬁ)?” é‘é éngly as in exanple 1 after the two reaction
38 > from 353.5 wopmto 119.4 wppm sulfur from
3.44 % by weight to 0.75 % by wei ght, asphaltenes from
5 12.4 % by weight to 4.72 % by wei ght and total
nitrogen from 3,700 wopmto 2,075 wppm Furthernore,
said tabl e shows that even thbabkje & here are

AU b Rl o SR PLAE Bt ocrotreatmont of

for mlat ion _oheaef iorade in Vo fixedliRd redttions’stiyewei gh]g ;
a val ue

0.80 % by weight, for maintaining conti fag¢ in the
oper ati on ofpenatingyqgondifiopsocesses.

) I i
Temperature, °C 400 400
Pressure, kg/cm? 70 70
LHSV, h 1.0 1.0
Ho/HC ratio, nlf | 890 890
10 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 nitrogen from 3,700 wppm to 2,075 wppm.
Furthermore, said table shows that even though there are significant
15 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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27 Table 8 Properties and conposition of a

hydrotreated crude ASTM Properties STAGE |
Met hod Nunber of reactors 1 1 API

STAGE ||
Gavity D287 25.2

27.99 Total sulfur, weight% D 4294 1.77 0.75 . Tot al
ni trogen, wppm D-4629 2,616 2,075 Asphaltenes,

wei ght % D- 3279 8.29 4.72 Meables§ wopm N +V 228. 7
119. 4 Sedi nents and sl udge,

Conver si opro Fp@hié&%&‘éo%

Fraction | BP-170C 15

wt % D-4870 0.12 0.53

IQionQS’FTEhSMr e at P LHIE
5 Fraction 170-360C 28.1

0

Tlos g 190 sooc A80s3 s o e sam tailgacey

report ?R?ﬁt “he API gray’ﬁt\é

27.990 APl and the cont

Nncr eas

m 20. 91

BF distillates recovered @

538C from62 5 to 83 5 %hy

Number of reactors 1 1
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 4.72
Metals, wppm

Ni+V 228.7 1194
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 281 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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vol unme, thereby obtaining a conversion of the feed of

56.0 % by volune, a value |ower than the one obtained

in exanple 1 and higher than that of exanple 2, but 5
significant however, given that the process was able

to be operated at an internediate | evel of severity,

wi t Theesme ttable repartpltbat thea AR Yraviheincesadessiromt 20.84do 27.99°
reaffirmthat with the process of catalytic

APy dirf tieatoppidnt obf @i@ﬁwatebyréb@%fe@@ 5¥8°ChifoRiy 8280 83.5 % by
invention, with significant renovals of contam nants,

V300 045§ e a3k o 58 2 by voe

i
mte Vv

i a ees. cont i nui f. the.industrial
ioittheh 4 s RER R EAMAL! fparobgbil that of Bxample 2, but
h 8rocarbon of i.nproved properties is obtained wth
SigB RSt doweara AivimhBat A E’P&?ﬁ?ywﬁﬁdam&i £ ihq gpesated at an
W thin the ranges commonly reported in the feedstocks
intgrmediate levelksf savegty, ydthaiespect® axenvpleE 14amh2.
addi tional specific application of the present

i nVEhei aesulis ombtaihad weaffirear thatd with e process of catalytic
hydrotreating in two runs the heavy crude of exanples

hydrbfreatten8 of h\é’éb\%‘ Hydfo&tB6hsS IdT tAEODIRIGERE vePBBh! Aithi Significant
able 1, through thé conbination of the 20

re'g‘?%‘%aﬁé ot YYntali nﬂ,!tﬂgtf\%ﬂﬂg{g{)ﬁ %rfs‘segiﬁ}ﬂ%txsg%r_ug%gloegegi’s Lbprisingly

alytic system’in ages

.reaction and se of HDOM and HDS catal ysts of -

irpF8 o SV Polatiy v handbe Hesptais Bt Sndiantegs continuity
Table 3; which together in a surprisingly notable

ofntiith drdirtfish opeeation: phithe Hrrocepseanthd Glydiyeaaiesdthydiaearbon of
sludge is limted, which is a viable option for

impoRedi prppediets iobiainggi with evelshef @dtaimaets,i ARAIgravity and
refining schenmes or for sale as a hydrotreated

dibiiithtes avithimtief 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 .syste_-m 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 to the
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I nproved properties, as is reported in Table 10.
Unli ke exanple 1, for this specific application of the
i nvention, nodifications were nade to the tenperature
(to I ower values), the pressure (to a |lower value) 5
and the space velocity (to a higher value) in the
corpanitbnat aefining stlagaesf ot Her matr &ss a hpdwtdated chydrocarbon of
render the process even | ess severe, preserving the

infbroved MBpedicsNSs RORMoHeaNA Tablé 90, pressure, of the

type of reactor and the type of feed to be

hyd %ﬂt ik& %&S%ﬁ{\%ﬁ NS th ¥pERE %@Pllg‘%mw ﬁ\leylpiggﬁfic?ﬁ,i M8difications

con lons w't [ ow pressure cat

dr ot Q vy crude i xed- bed

Wl PR IS B berBbafuy B BNt ValieRy iR, giStie P g Jower value)
Tenperature, C 400 360 380 Pressure, kg/cnR 70 54 54

angidpe space; velogity (io @ higherwalug)iip, the s6g0mgh ceaiprastage of the
Tabl e 10 reports that the netals are reduced, not so

pragess; §1 nglar wsranderitbegyanpbe eyebulessisyviefe,cmasleyvm@ the other
after the HDT, from 353.5 wopmto 149.7 and 138.4

opéaiting winiditionsrafiow. pFdssarey ohadtypetof réadtor amd BedPpdof feed to
by wei ght, asphaltenes from 12.4 % by weight to 6.41

b@ﬁqdﬁ)tﬁe%tg(g thwet gmcﬁg dotal nitrogen from 3,700
wppmto 2,381 and 2, 315 Wppm for each run at

operating tenperatures of 360 and 380C in the second
reacti on stage, respectively. 30

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 il ]
Temperature, °C 400 360 380
Pressure, kg/cm? 70 54 54
LHSV, h' 1.0 1.0 1.0
"Ho/HC ratio, nl/ | 890 890 890

Table 10 repoirts 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 to 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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Tabl e 10 Properties and conposition of a hydrotreated
crude ASTM Properties STAGE | STAGE Il Met hod
Qperating tenperature, C 400 360 380 Nunber of
reactors 1 1 1 APl Gavity D287 25.2 26.28 26.72
Total sul fur, weight% D-4294 1.77 1.12 0.89 Total

ni trogen, wppm D-4629 2, 61 a@hi@qD 2, 315 Asphal t enes,
wei ght % D- 3279 8.29 6.41 5.65 Metals, wppm N +V 228.7

149.7 138P4’op§ﬁibsf'§ﬁ&~°co?ﬁ?o§it}&'98f a'¥ &Qté%%@d@réé
0.21 0 26 Conver si on urre/oD487

Fractio 60C 28.1 28. .3 F 360 53

32.3 31%%8”@9 Fraction 538C 24. Oé‘;‘@h'g:"gz é?AGE i
Fraction | BP-538C+ 76.0 76M¢thed, 39 FurthernDre,

sai-d table_shows that even thouoh there are

Opegaiing teameraidaol@l s of cont ami nant AGF ter cadbPi ng 380
out the HDT of the heavy crude, the

Number of reactors ' 1 1 1
AP 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

Compeosition, 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 22.6

Fraction IBP-538°C* 76.0 76.1 77.4
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formati on of sedinents and sludge is quite surprising,
0.21 and 0.26 % by weight for each run in the second
stage at 360 and 380C of reaction tenperature, 5
respectively; these values are notably | ower than the
acceptable limt of 0.8 %by weight, for maintaining
t heFughermeore, ysaid taldeopbowsi thatoevehethmughndseref are significant
processes. The sane table shows for each run that the
refRbvas aofl tontantngaisesftér earmiing9dut the2HIZP @nthe?hieddy crude, the
APl and the content of distillates recovered @538
: 1 A O . at o )
o e el RGP 1 el PHTE; 9'266G410.26 3¢ by weioht
9 9 MO ' \; es | t~than the one
fofpedsadt M ¥iRerd ™ Stadk e 3, AL A Fedcln Binperature,
signj.fication given that the severity of the process
reRRECHYTIE TS SBHIUSR BERINOtaY |c&n han dhe ACKERtAUM I A 0.8 % by
that the present invention, in tw of its preferred
whigi fof maintagying drel eentinpityHis the operatiost ofctheae kinds of processes.
hydr otreat nent of heavy 15 hydrocarbons even | ess

sevEhe satrie abighshdrves domdactatunoinabthd ARt gradiyunereases from 20.91
operating conditions, of the type of reactor and of

tot De.28yaed ¥B. T2eAPl el the Bentehy of alstifiateddredovered 8@ 538°C from

surprisingly limts the formati on of sedi nents an

6?.!5‘%9%.?1%‘?@ 7% %g&gﬁﬁf ith%’l?@ﬁ/ c%t{fgi?nkﬁegpfi r@&gﬁﬁ@f’ bfthe feed of

Imt that guarant

e i t hqugh si.gni fican antitjes of . .
3B RHPP AR5 YaRy VNG i o F6lusd Bhtes thER J&F ong-obtained in
of the feed is attained to produce a hydrotreated
exanpischinbat the Samfﬁv%lw'ﬁiﬁém given Hatthmwsprerity ofthe process
anot her specific application of the present invention,
wagpablst tgibe pedupedcal feedstock for a conventional
refining schene or for its sale as a hydrocarbon of

i Mmooy esbuits abtainied confitm\viBat ierpreeentdtvemon, in two of its preferred

hydrotreating in two runs the residue of
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, to levels
notably 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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s atnospheric distillation with the specific
properties shown in Table 11, through the conbination
of | ow pressure operating conditions that are shown in
Table 12, in two stages of fixed-bed reaction and the
use of the hydrodenetallization (HDM and

hydr odesul furi zati on cat dEXAMPIEIBS) of the foregoing
exanpl es, whose properties are presented in Table 3;

whi jghagemer @@écﬁi@"@ﬂﬁk@ﬂbﬁ dfhtﬁb BBt "}Wéi'h'lohoto obtain a typical

significant renovals of netals, total sul

fegor mai(ttsp%s J&i%@l réﬂrﬁn’(i]é’gﬁﬂ%ﬁl% or frtifd QEI@ ad Pehydrocarbon of

I on 0 S an I'S unexp ected

imgrBiet 5r@§$%€§'é L N SheR ¢ Hﬂnﬁ%%gresidue of
t he previ gus exanpl es, for this specific applicati
atmospheric sietiletion with thessnaeilic ropertias VR dal Bble 'bT through the

petroleum (with a | ower value of specific gravity, a
cdrhigination ud Howtyressursonperaiting manditicthsathiab ere shomireint Table 12, in
distillates recovered @ 538C) was used, varying the

twol Stegeb O fiXcebbed ecagtyrabhd ghe el bf ﬁf@hydroaiemmhlhzatuon (HDM)
manner to the aforementioned exanples and preserving

ard RGBSR FizatioR e@&b@ﬁts (PR etnbl 16t g@%ﬁfgt ) Ie@, whose

resi"due of atnospheric-distillation Propértifes ASTM

BB e @dn T4l i Gb aslbButohdl g trouer

. haltenes ht % D- | s, mN +V
mg;r-ylgc%nt femovals o metals, :iota surfur asé\ﬁalt%nes aha to{\elz{l nitrogen are

attained, the formation of sediments and sludge .is unexpectedly limited and the
hydrotreated hydrocarbon of improved 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 grévity, a
higher quantity of contaminants and a lower content of distillates recovered @
538°C) was used, varying the other Iow—pressﬁre operating conditions in a similar

manner to the aforementioned examples and preserving the same type of reactor.
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Sedi nents and sl udge, wei ght% D4870 <0.01
Conposition, volunme% Fraction |IBP-170C 0.0 Fraction
170-360C 1.1 Fraction 360-538C 34.9 Fraction 538C+
64.0 Fraction IBP-538C+ 36.0 Table 11 shows that the
feedst ock contains al nbst no sedinents and 5 sl udge,
since these are formed by ckablgitlg out each of the
reactions of the hydrotreatnment process. 34 Table 12

Oper ati ng peogéiticdof diréSiduroPagiéspRefi8 diétitation
cat al yt| c hydrotreatnent of a reS| due of atnospheric

g st Tart 8 Tlxeu Ueu T ages
Operat i ng COHBI {llr'%gris I rrpera urgEl C 400%'8&5

ﬁg%;é" Viitio, nl/ | 890 890 890 s Tﬁ?%s 13 reporfSTt@

that netal s are reduced surprisin as i n exanple
Tatal spifuravaight’ f rom 575. 6 wppm to g'ﬂvﬂ%’r and 217.54. 60

wppm sul fur from4.60 %by weight to 1.18 and 1.02 %
Total witragen, wpprhal t enes from 17. 74 Pe4829ei ght t o 8,088

Asphaltenes, weight% D-3279 17.74
Metals, wppm

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

Composition, volume%

Fraction IBP-170°C 0.0
Fraction 170-360°C 1.1

Fraction 360-5638°C 34.9
Fraction 538°C” 64.0
Fraction IBP-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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and 9.15 % by weight and total nitrogen from5, 086

wopm to 3,040 and 2,706 wppm for each run at

operating space velocities (LHSV) of 1.0 and of 0.5

h"1 in io the second reaction stage, respectively.
Furthernore, said table shows that even though there

are significant renovals dfabderfizam nants after

effecting the HDT of the residue of atnospheric

O eriatingeé drditidnzewithrien gfé‘ssﬂfre%@' the &hﬁal?ﬂé Hydietatment of a
unexpectedly 0.035 and . 044% by wei ght for each run

I N b8y SPﬁﬂnﬁgﬁEEﬂg{gigtiﬂaﬂaﬂ iﬁitslé{qt;}%e(?jbeﬂel%%gti@?\s]&ages

respec

space velocities

hese val ues

ar
% b i ght,. for .ntaining the contin tl‘"ﬂ"’inthe
ope?/a}ﬂﬁ?%ragf‘gtcrﬂ 't'?ﬂ@ of processes. 35 Table 13
Properties and conpositions of Hydrotreat dd residuall
ASTM Properties STAGE | STAGE Il Method Nunber of

r eadeoperatute, ’C LHSY, h-' 1.0 400 0.5 ARBDOG avity 400
D-287 13.94 16.85 17.73 Total sulfur, weight% D 4294

2. APrdsslie, lkdl@m? Tot al  ni trogen,7omppm D- 4629 4,520 7¢
3,040 2,706 Asphaltenes, weight% D 3279 12.76 10.8

9. 1§H8Wha| s, wppm Ni +V 364.9 374.8 217. 3.0 0.5

Ho/HC ratio, nl/ | 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 sumprising lower than the
acceptable limit of 0.8 % by weight, for maintaining the continuity in the operation

of this type of processes.

35



Sedi nents and sl udge, wt % 0.028 0.035 0.044
Conversion, volune% 22.3 37.7 51.7 Conposition,

vol ume% Fraction IBP-170C 1.7 3.7 3.8 Fraction
170-360C 12.9 16.3 20.6 Fraction 360-538C 35.7 40.1
44.7 Fraction 538C+ 49.7 39.9 30.9 Fraction

| BP-538C 50.3 60.1 69.1 3J@blead3sanme table reports
for each run that the APl gravity increases from7.14
t o 16. 85 Rnogpretties aived compadsifiens of hgoirotreatéd residaaes
recovered @538C from 36.0 to 60.1 and 69.1 % by

vol urme, thereby obtaini pggCONVersi on of the feed of
37.7 8. 7 % by volune; the er si ons
Iomr%ﬁqlﬁé one obt %Eﬁ‘q)d's in gjg\n%?\e{: 1, but Z§?{\t‘i}eE .
same tinme are significant, given that it was able to

i@ﬁ%é’ﬂ%@@?%m ue of specific gravity, a highdr 1

I_Iguanti1ty of contam nants and a | ower content of

P¥% Ml ates recovered @538C. The Adsults obt di-@ed 0.5
confirmthat the present invention, in tw of its
APl &ravied i o0 nodalitieB-28% hydrotiBe®t i ng an 16.85 17.73

extrenely heavy hydrocarbon of petroleum through the

Totalbulfat weighd | ow pr egsuzgqoper at izngzcondi ti opgg of 1.02
the type of reactor and of the type of feedstock to '

TéR hu%%hf@bﬁﬂ' fe”DVGﬁ-ﬁs'g?”i”C?‘Htszt(ﬂ“a”““ﬁzu?f 2,706

cont anm nan and unexpectedly limts e formation of

AR BRSO oA 5 SEESITY B s

continuity of the industrial operation, thereby also
Mﬁg{i%ri“?’i?ﬁ’@ a notabl e conversion

Ni+V 364.9 277.8 217.5
Sediments and sludge, wi% 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”* 49.7 39.9 30.9
- Fraction iBP-538°C" ' 50.3 60.1 69.1
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of the feed to produce a hydrotreated hydrocarbon of
i nproved properties with |evels of contam nants, API
gravity and distillates within the ranges comonly
reported in the feedstock typical to refining schenes.
20 EXAMPLE 6 Anot her specific application of the
pr otlee sagte tablaarsparts foy @ashruatthainthedhPl gesavity increases from 7.14
hydr ocar bons of petroleum of the present invention is
tooh@. 8Bharech 1%eA3 ° AR raineldtheutortenthptidistigtei rgovded @ 538°C from
at nospheric residue of exanple 5, with the specific

30.0a8G0.1 end' EPIrd.as) {Jéluﬁfébkﬁer%g dﬂ?éﬁ’:ﬂﬂjr"atdb‘?lversion of the feed of
I erati ng

conmbi nation of the’low 37 pressure op

I d ' a 4. 0in.. Lyt in.,. .

S oOORT B D el connBaR i bEthBge obtained

.and HDS catal ystg of the . previous exanples, ose

INPAAEPE: do Bt St SATE TP PUp) SOTICARE e atndrwas able to
not ably denonstrate that the formation of sedinents

h%@tr@q&{@ Faughsheavier ydrogarbge of petedeumtwithiadgwer value of specific
significant renovals of netals, total sulfur,

grayithaht bigher aquiantiy abf conhtargigants and abtater egntdme of distillates
hydr ot reat ed hydrocarbon of inproved properties shown

recovdrell @ 83g°¢thl i ke the previous exanple, for this
exanple only the tenperature was nodified (to | ower

andrgy %‘t?%ée’fﬁéb cohflrn{ 3t thB Qééhﬁﬁgérftﬁ)eﬁ, [i)\f%cr) of its preferred

severity o I 0O process, preservin

[ ifions of |ow pressure. o he type qf
fBiRs: " IRBPolHENg e RSN SeB nuRERRE ST petroleum,
wi t hout any change. Table 15 reports _that the netals
thiguighy e, Combigation, %‘xga%p&ssyr%rﬁp%ahm@ efondifigng.f the type of
from575.6 wopmto 304 and 231.9 wppm sulfur from
reacteo andpfvidiegkipe b feedstoghdton bes hyetptrasteghremoves significant
asphal tenes from 17.74 % by weight to 11.25 and 15
quainfifieSobyomtanghaniznghd otakpautédio diavtsf therform&tién wppadihtents and
3,340 and 2, 690 wppm :
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 exémple 5, with the

specific properties reported in Table 11, through the combination _of the low-
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for each run at operating tenperatures of 380 and 420C

in the second reaction stage, respectively.

Furthernore, said table shows that even though there

are significant renovals of contam nants after

carrying out the HDT of the residue of atnospheric 20
peisstire logerating cheditionseshicon dri Tabde mehtis anchtalyticd ggystean in two
unexpectedly 0.03 and 0.09 % by weight for each run in

stalges sefc fired-beac réavtiopt age ke 388 SMHIMOSNETHDSERGtIWMIs of the
tenperature, respectively; these values are

SRS LY Ut Rl SSTIINGD |l bl A tgetnr

' thi of. processes., 38 Taple 14
GBI REnstitel ted e BfrtioBlat T 8ms sl SEiGe 1< lmited, as e
catalytic hydrotreatnment of a  residue of atnospheric
a%li%‘%”%f‘ﬂt ?‘8?49'53?1"& Wemevalsqob deetalsa diofainsulilirg gsphaliengge and total
Operating conditions Il Il Tenperature, C 400 380 420
nippgeryead Ritaining7 they hyrmtreatisy, hydrocartion .of immoved properties
H2/HC ratio, nl/ 1 890 890 890 s The sane table
shaapoint Talbler1feach run that the APl gravity is increased
from 7.14 to 14.72 and 19.39 APl and the content of

di SYhiikeAtRS previeus’ &&ndPla38sr this OSkatfple bﬁlg/fﬁ]eo té}ﬂﬁerature was

66.0 % by vol une, thereby obtaining a convérsion o
. of . Q0 V@l : i.ons
megﬁmlgg (?tﬁ g?ﬁ%%éﬂl% ﬁhé 1 t\gEIIIHeé'g, i?% @aw i Bot sensEL Yl %everlty of the
process, preserving the other operating conditions of low pressure, of the type of
reactor and of the type of feed to be hydrotreated without any change.

Table 15 reports that the metals are reduced, as in examples 1 and 5 after

the HDT, from 575.6 wppm to 304 and 231.9 wppm, sulfur from 4.60 % by weight

. 10 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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exanples 1 and 5, but equally significant. 10 The

results obtained confirmthat the present invention,

intw of its preferred nodalities, by hydrotreating

an extrenely heavy hydrocarbon of petroleum through

t he conbi nati on of operating conditions of |ow

pressure, of the type of rleddedd4 and of the type of
feedstock to be hydrotreated, renpves significant

Qpenating conditionsnwithiloanpresvute foe the catalyiic Hytrbsreldtment of a
formati on of sedinents and 15 sludge, to l[evels

surrBsicid'ef dtrh8¥Bhetib istillftieh ciﬁ Wé)?eéﬂrﬁi?g rdafions stages

guarantees the continuity of the indust

operatTor, ET ey alrsSO—0DtT< D€ €Cotv O
of theaf ck tp.produce a hydrotreat gl"l’ydrocar bon
of |nppg§z%ﬁﬁ$&%]‘ﬁ'§gs 39 Table 15 Properties and
conposi tions of hydrotreated redidua ASTM Properti db
STAGE | STAGE 11 Method Nunber of reactors 1 1 1
LHSVemperatyod 880 420 APl Grad0fy D-287389. 94 14. 7420
19.39 Total sulfur, weight% D 4294 2.47 1.32 0.95

Tot Bressiutre, dggem? wopm D- 4629 4, 520 3, 340 276690 70
Asphal t enes, wei ght % D-3279 12.76 11.25 9.21 Metals,
WopHBhA ¥ 1364. 9 304 231.9 Sediyngnts and qshudge, W 9y
D-4870 0.028 0.03 0.09

H>/HC ratio, nl/ | 890 890 890

The same table reports for each run that the AP{ gravity is increased from
7.14 to 14.72 and 19.39° APl and the content of distillates 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
examples 1 and 5, but equally significant.

The results obtained confirm that the present invention, in two of its preferred
modalities, by hydrotreating 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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Conversion, volume% 22.3 31.3 46.9 Conposition,

vol ume% Fraction IBP-170C 1.7 2.8 2.8 Fraction
170-360C 12.9 15.9 21 Fraction 360-538C 35.7 37.3
42.2 Fraction 538C+ 49.7 44.0 34.0 Fraction

| BP-538C+ 50.3 56.0 66.0 40 EXAMPLE 7 Anot her
specific application of thelaileddss of catal ytic
hydrotreat ment of heavy hydrocarbons of petrol eum of
t he pr esdtopenties@inohcompdsitions f lyidrbtreated eesidiuad
out by hydrotreating a residue of atnospheric

distillation wth properAsgm 5 different to the one

enpl oy pdopBrifednpl es 5 and 6, with pecific

properti eE shown in Ta 8hed: t hroug ?he conbi ng.trlAgnE .
of low pressure operating conditions that are

l?qr d¢8¥8"t eaction and the use, in both readtion 1
stages, of a mxture of hydrocracki ng catal ysts (used

«Hew) in a proportion of 70/30 %89 wei ght 888d 420
cat al yst/new catal yst, whose io properties are
APl &pavityed i n Tabl e 18; WH28T t oget &894 enonst riat. B2 19.39
notably that the formation of sedinents and sludge is

TotarsUiteh, wasighted | as att BLapgy signifiggant rempyals of 95
nmetals, total sulfur, asphaltenes and total nitrogen,

Tamna@gg wg;gms he —hydr pi 5@ ed hy@i&@faﬂfbon of3 2.600

| Mprove erties shown 1 n Table Unl i ke éxanpl es

: IS specify pllca of the

Ag% ﬂet%gh(:v%{q{@s} 15 samebt%e of fegg;%ock to Blé[ 25 9.21

MIf1%¥%rotreated was used but a little less heavy (wth a
BefPRMecific gravity value, a |ower quantity of

contam nants and a hi gher

Ni+V 364.9 304 231.9
Sediments and sludge, wi% D-4870 0.028 0.03 0.09
Conversion, volume% 22.3 31.3 46.9

Composition, volume%

Fraction IBP-170°C _ 1.7 2.8 2.8
Fraction 170-360°C 12.9 15.9 21

Fraction 360-538°C 35.7 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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content of distillates recovered @538C), varying the
space velocity (to lower values) and the

hydr ogen/ hydrocarbon ratio (to | ower val ues), besides
including in this nodality the use of hydrogen with a
different degree of purity, in order to vary 20 in
both senses the severity of EXAMRIIE&ss, naintaining
the other | ow pressure operating conditions in a

si mAnatheragpedific pplieaiid® 'of BBt peiteds R BRIARIARYdrotreatment of
preserving the sane type of reactor. 41 Tabl'e 16

Bl A AL S g v
' % T . N, s .
T I T A T o

. 39 hal t enes, wei ght % D-3279 10.18 Metals, wpm )
d?\foF?f‘ts@sAﬁ%sQBP ﬁﬁ?@yﬁﬂdgﬁ%ﬁﬂ@%‘?svﬁeﬁ@ﬁt 66 Wi 7beosrecific properties
Fraction 538C+, volune% 56.2 Fraction |BP-538C+,
shewnriadbabd: 46, imoughithe Tontyinatian ofjloyeputssuse operating conditions
| ow pressure for the catalytic hydrotreatnent of a
thed sirel detailedah Matpd 47| a cditalytid bpdtemninitvot stages X fixb@ted reaction
reacti ons stages
and the use, in both reaction stages, of a mixture of hydrocracking catalysts (used

and new) in a proportion of 70/30 % by weight used catalyst/new catalyst, whose

~ properties are presented in Table 18; 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 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 (fo 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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Stage Operating conditions lyll 1yl1l lyll
Tenperature, C 400 400 400 Pressure, kg/cn2 70 70 70
LHSV, h-9 0.284 0.33 0.33 H2/HC ratio, nl/ | 534 534
534 Purity of hydrogen, nole% 75 75 100 5 Table 16
shows that the feed contains no sedi ments and sl udge,
since these are fornmed on cafaklentp out each of the
reactions of the hydrotreatnent process. Table 19
reports thBropériesssfod sesidaerafchtanssplserio distilngion as
in the previous exanples after the HDT, from 353 wppm

to 126, 1/prapértied WOpM SulTUK 9% Dy
wei ght to b o807 e 75 and 1. 71 Sohy MeLeRe. Values

Fremes fromm 10 18—-9%—to by werghis t 0564541
Ag?]gﬂéiﬂg % by weight and total ni tp%tgn from 4, 40835
mto 3,5 3,990 and 3,740 wppm _for each run_at
T‘\éfaﬁ)ﬁglfﬁérnweéﬁg{‘é vel ocities and hﬂ'ﬁa&én puriti es3.74
respectively. Furthernore, said table shows that even
TetaboijieoeRe®PM e significant remd¥d629f cont ani4ddds
after effecting the HDT of the residue of atnospheric
Ramsbotom tarbonnweighd%f or mat i on of Befiigrents and si3jgge
is surprisingly less than 0.05 % by wei ght for the

Asigiencenweight¥he second reactionriBagg; these vajgips
are notably |ower than the acceptable Iimt of 0.8 %

MEBWINGI, , for maintaining the continuity in the
operation of this type of processes. 43 Tabla 18
Ni+V 353
Sediments and sludge, weight% D4870 0.0
Fraction 538°C", volume% 56.2
Fraction IBP-538°C", volume% 43.8
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Properties of the used and new HDM cat al ysts enpl oyed
in each reaction stage CATALYST Properties Used New
Physi cal properties Size, inches 1/32 1/32 Surface
area, n2/g 69.5 158 Pore volune, cnB/g 0.27 0.67

Mean pore dianeter, A 147 148 Pore size distribution,
vol ume% <50A 2.45 0.0 50-Table133. 94 40.0 100-250 A

et Sopfinns Wilnla Bibstiyt? foZ s Faralyts hydrstrestment of a
N agsidueet atrhdsphéficishilatien Iditwd fu\(&!l%ﬂo/@e%c%rrsstages
Sodium—weight% 0 18 0. 037 lron,_ weight %0 ---

Sul fur, %ht % 17.17 --- Carbon, wei ghts'tﬁm 59 ---
Opera ing conditions

lyll ilyll Iyl
Temperature, °C 400 400 400
Pressure, kg/cm? 70 70 70
LHSV, h™ 0.284 0.33 0.33
Ho/HC ratio, nl/ | 534 534 534
Purity 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, asphaltenes 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, 3,990 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 atmospheric
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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44 Tabl e 19 Properties and conpositions of
hydrotreated resi dua ASTM Hydrotreated product
Properties Method (Stage I11) LHSV, h 0.284 0.33 0.33
Purity of hydrogen, nole% 75 75 100 APl Gavity D 287
16.70 15.39 15.70 Total sulfur \NEI ght % D- 4294 1. 297
1.75 1.71 Total nitrogen, B 4629 3,515 3,990

BB 0 O SR g et

wei ght % D-8470 < 0.05 < 0. 0O%stdg®. 05 The sane table

Vitv is jincreased

from 5.9.25 to 16.70, 15.39 and 15. 7CAPALYSTe

resul t SPERR&UI®ED confirmthat the present invention,
in three of its preferred noddsedi es, by New
hydrotreati ng a heavy hydrocarbon of petrol eum

t hr opBYsicdllfgopatiesnat i on of operating conditions of
| ow pressure, of the type of reactor and of the type

sihe, fikgfdst ock to be hydrotreated; C?'ermves significa 2
quantities of io contam nants and unexpectedly |im
of sedi nents and dge, to Ilevels
SQH?B%%@?%@IJF% ower than the acggp#abl e linit that 198
8uar(§nt ees the continuity of the industrial

YaIHMsH e (g produce a hydrot Pelt ed hydrocar bon 667

npr oved
Mean pore diameter, A 147 148

Pore size distribution, volume%

<50A 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
Iron, weight% 0.11 —
Sulfur, weight% 17.17 —
Carbon, weight% ‘ 22.59 —
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properties. 45 EXAMPLE 8 Anot her specific nodality of
the process of catal ytic hydrotreatnent of heavy

hydr ocar bons of petroleum of the present invention, is
the one which was carried out by hydrotreating the
same residue of atnospheric _distillation enployed in 5
exanpl e 7, with the specifitaedferties shown in Table
16, through the conbination of |ow pressure operating
condi t i orBrapertiesrandieonipasitions tdlhyelrbdtreated casimlug i C
systemin two stages of ebull ated-bed reaction and the

use, in both reaction staggTmMof a m XHybPofbated product
hydrocrq:‘,l@p%gt atal ysts (used and new) in a

proportion of 70/30 % by used catal ys
catal yst, whose properti e\émg?@qo present ed {éﬁ% Ip

formatio HSV sedi nents and sl udge i 28 mted, a3 wel | 033
as, at{al ni n significant renovals of _netals, total

Payity 9 hycg’gg BIMEISs and total nitrogef® and obt&ning 100
the hydrotreated hydrocarbon of inproved properties
Aféwavityy Tabl e 20. Unli ke Th28previ olB.78xanpl €15.89r 15.70
this specific application of the invention, is only

Totat sulfpe vadightdact or was chpnged i n tfiggywo reagtagon 1.71
stages (to the ebullated- bed type), rrai nt ai ni ng the

ToRIRithQErPWspINT € oper ati it gi m | arg pggt he
aforenﬁétl oned exanpl e, tggo serve the sensntni??y of 3,740

e of hi's chang le 20 5 orts t t he
A%Eﬁaalﬁésr?e%ré‘?ér@@/‘t&e sur prle%3 Py as |n he pret\;%&u 5.19
N%%rrpl e after the HDT from 353 wppmto 129, 170 and
BR™ sul fur from 20 3.74 % by weight to 1.70,
1.85 and 1.76 % by wei ght, asphaltenes from 10. 18 % by
wei YitVto 4.78, 5.68 and 5.66 % by wdi2zght and fi@Bal 120
nltrogen from4,400 wopm to 3,580, 3,650 and 3,610
Sapmqantécandeﬂudige,wveight%i f {48470 space0.¥él oci t kegk0Bnd < 0.05

The same table reporis for each run that the API gravity is increased from
9.251t0 16.70, 15.39 and 15.70 °APL.

The results obtained confirm that the present invention, in three of its
preferred modalities, by hydrotreating a heavy hydrocarbon of petroleum, through
fhe 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
tevels 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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hydrogen purity, respectively. 46 Table 20 Properties
and conpositions of residua in an ebul | at ed- bed
reactor ASTM Hydrotreated product Properties Method
(Stages | y 11) LHSV, h 0.284 0.33 0.33 Purity of

- hydrogen, nmole% 75 75 100 APl Gravity D287 17.07

16.25 16.85 Total sul fur EX&MBRES D 4294 1.70 1.85
1.76 Total nitrogen, wppm D 4629 3,580 3,650 3,610

As pAalofleerespeaiiis giodHily- FAhe ptodésHofotatalylic hyledtedstment of heavy
wppm Ni +V 129 170 150 Sedinments and sl udge, wei ght %

hﬁ&ﬂ%@b&é@f Bettdicdin® bf tf@pt@eﬁt Huentish UiEeiHeork %\m%h was carried

osition, volume®% Fraccti on | BP-170C 2.

iy BRI 7 Ry odadd nﬁtﬁ?%ere%@‘:@'sﬁ'ibtt? "y grployed in

eﬁérah%e ? I\A%?hS E%ac+s.pé<138c|f|20 4proger§|es shown in Table 16, through the

combination of low-pressure operating conditions that are detailed in Table 17, a
catalytic system in two stages of ebullated-bed reaction and the use, in both
reaction stages, of a mixture of hydrocracking catalysts (used and new) in a
proportion of 70/30 % by weight used catalyst/new catalyst, whose properties are
presented in Table 18; 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 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 weighf, 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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Furthernore, said table shows that even though there

are significant renovals of contam nants after

carrying out the HDT of the residue of atnospheric
distillation, the formati on of sedinments and sludge is
surprisingly 0.56, 0.47 and _0.54 % by weight for the
three runs in the second read@kie 20 age, respectively;

5 these values are evidently higher than those of the

pr eRrepertiessand compositionss| of reisidua in barehuilated-bed reactor
acceptable limt of 0.8 % by weight, for maintaining

the continuity in the opepgTMn of thiHyédidttedfed product
processegopéfgesane table reports for each run that

the APl gravity increases pjs@of 25 to 17](%%;?)
I tma

and 16. 85 AP_I. 10 _The resul'ts o t ai _ned rea

nodal i tiesy "by hydrot feati ng a heavy’ 8rocarb of 0.33

etrol eum through the conbination of operatin
PEBWO‘PfthMQQ%'?’ m@%o/pressure, of the type of reac?q%r and 100

of the type of feedstock to be hydrotreated, renoves

ARl Giravibcant quantities of De23f ani nahf.87and 16.25 16.85
unexpectedly limts the formati on of sedi ments and
Toetalidgkur, Weidiit% evel s sur prp<i2egl y | owero t han thes 1.76

acceptable limt that guarantees the continuity of

TOHREnitRsgeRt Wppim Oper ati on, h.agpgoduces gghydr ot egded 3,610
hydr ocarbon of inproved properties. To further

the.d vation angsi ntive Ivity t he
A%[?fg@g.ﬁes,i n\'/%Hr%t%)on, bel owq%"nggr ovi d‘el?‘éexarrpl eg'%gf 5.66
Maggﬁ%i cation that support the foregoing 20 and which
GEHOMYPPTt e that the catal ytic hydrotreatnment of heavy
hydr ocar bons of petroleumcarried out in operating

conlitM ons different to those set forl@8 in thel70 160
present invention inprove the properties of the
Sédisustte akdahudge msight%ar gdD-84dant i t i 8bH6of 0.47 0.54

contam nants, as in the present invention, in exchange

CoavergiorC 98RINEEY,AbI € formati on of sedipgnts andggi udge 142
in the product, which prevent the

Composition, volume%

Fracction IBP-170°C 25 2.4 2.4
Fraction 170-360°C 23.2 20.8 18.4
Fraction 360-538°C _ 22.5 258 31.0
Fraction 538°C+ 51.8 51.0 48.2
Fraction IBP-538°C+ 48.2 49.0 51.8
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48 conti nuous operation of such processes, which is

the main objective of technical developnents of this

kind. EXAMPLE 9 5 This exanpl e does not belong to the
specific application of the process of catalytic

hydr ot r eat nent of heavy hydrocarbons described in the

pr eSERhermoem: sald tablg” shoyse thalt evennthsiughr there are significant
to. denonstrate that using operating conditions in the
reranyalsafl dontarmpinastuaiter carmnping edt the HDA ofi the residue of atmospheric
Hydr ogen/ Hydr ocarbon H2/HC ratio, in conbination with

distiatiomethef for@atdn rof adlirpass ahd fshadtsd m:lsurfdaﬂsgigly 0.56, 0.47 and
conversions are io obtained in the range of 50 to 80

O RS Y HGRPETLE the hukBcnfie, B, SESHT BRR S, ragpectively
[ . F .h
55 TS R Rl gt B dlo B8 o S5€ Praiofe gxamele pyt notabiy
v Jaar e S5pokiaala e of 0ok by Wejgtis ivBaainaLhe coptinuity in
and the operating conditions are those of Table 22.

thenepernagiop of s tyrssobprocheses:dr ot r eat ed resi due are
indicated in Table 23. As is observed in Table 23,

af t €he came/ table ceortdrforidathatintthat trecAPhyraadty dbi@reabds from 9.25
an ebul | ated-bed reactor, the formati on of sedi nents

toH 07! 4628 arkd 16:88° %Ay wei ght. This val ue of
sedi ments and sludge is higher than the maxi num

ST SRR O S 4 A W e o v
oce ose

S e R S g R —
thlgpelo;rqa@ga?n Aé,?gggpallt%gzclon%rit?gnesr cgfI [ggv Slfes{sj;luyeﬁl%ﬁcj ‘#{2 {y%Sei gfur%actor and
of the type of feedstock to be hydrotreated, removes significant quantitiés 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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Properties ASTM Met hod Values APl Gavity D 287 1.87

Total sul fur, weight% D-4294 5.07 Total nitrogen,

wppm D- 4629 6,200 Ransbottom carbon, wei ght% D 524

25.41 Asphal tenes, wei ght% D- 3279 25.46 Metals, wppm

Ni +V 777.9 Sedi nents and sl udge, wei ght% D4870 0.0
centirueumopertiopsu+suchopinesses,owhishTialthe rRainGplieativengf technical
conditions for the catalytic hydrotreatnent of a

deaelopments bfithes kingl. an ebul | at ed- bed reactor Operating
condi tions Ebul | ated-bed Tenperature, C 400
Pressure, kg/cn2 100 LHSV, h-1 0.25 H2/HC ratio, nl/
| 2,671 Purity of hydrogen, nole% 100 50 Table 23

ASTM Pr oper 1 eo. tyar ot r o XAMPE e ©1F e ea restaue

This example does not belong to the specific app!ication of the process of
catalytic hydrotreatment of heavy hydrocarbons described in the present invention
and is presented in order to demonstrate that using operating conditions in the
range of low pressure, combined with a high Hydrogen/Hydrocarbon Hy/HC ratio,
in combination with the type of reactor and type of feedstock, high conversions are
obtained in the range of 50 to 80 %, as is reported in the patents described in the
background information, as well as a high formation of sediments and 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
acceptable limit of 0.80 % by weight, for maintaining continuity in 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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Method APl Gravity D287 21.19 Total sulfur, weight%
D- 4294 0.714 Total nitrogen, wpm D 4629 3, 800

Asphal t enes, wei ght% D-3279 3.67 Metals, wppm N +V 47
Sedi nents and sl udge, wei ght% D-8470 1.38 Conversion,
vol ume% 75. 2 Conposi tion, vol une% Fraction | BP-170C
6.5 Fraction 170-360C 36. 4faldea% i on 360-538C 32. 3
Fraction 5 + Fraction | BP;538C+ 75. 2 MPLE
10°s Thi's duiberied and MeudR s3iavE BT Baiey soidehe

specific application of the process of catalytic

hydr ot r eat RRropeefiegeavy hydrocar SHEVIdetHdded i n tYglues
present invention and is also presented in order to

AfRTRgRyat € that USTng hgh TeactT QR gResSsSures duriqigs
the hydrotreatnment of a vacuumresidue in a catalytic

-lggarlre?gwﬂ} %quﬁtbﬁd react or does not rrb%@ e the 507

on of sédi nents and sl udge. pecific
Tﬁ&ggﬁrties of the feedstock are described in Table 24

FREEHYAPRY i ng conditions are t Ro¥@2%f Tabl e 256,200
The properties of the hydrotreated

Ramsbottom carbon, weight% D-524 25.41
Asphaltenes, weight% D-3279 25.46
Metais, 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 Ebullated-bed
femperature, °C 400
Pressure, kg/cm? 100
LHSV, h 0.25
H2/HC ratio, nl/ | 2,671
Purity of hydrogen, mole% 100
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residue are indicated in Table 26. 5 In Table 26 it is
observed that after carrying out the HDT of the vacuum
residue in an ebull ated-bed reactor, the formation of
sedi nents and sludge present is 1.0 %by weight. This
val ue of sedinments and sludge is on the upper limt

of the acceptabl e maxi num ofalfle&B % by wei ght, for

mai ntai ning continuity in the operation of this type

of proceRrgsertieschrid cahfisodition Af theAydropaeaité @ ResicRid
in io all of the preferred nodalities of the present

Invention. THerefore, [TOM W&rdoregoi g, Tt—S
clearly ¢hask that there are subst aF{!!i I .
di fferences be %%en the pr aﬁggsei descr g@o}'rﬁaf%remdue

state-of-the-art and the of the present
ih\lﬂhti on and wort hy of note_are the results of the

AELFT@MY of sedi ments and sl G4g87i n t he hydr ot 2dat®d
hydrocarbon which in the 15 state-of-the-art are equal
szai@u!fabmmtw) by wei ght aDdt29%4 t hose of the Qextapl es
of the present invention are below 0.65 % by wei ght.
Total nitregereggphn it shoul d hp-4epenti oned that t©ogoo

mai ntain continuity in the operation of the processes

A8phalfsrtisOWeighopnt of heav _I@Qggocarbons of p | eum
t he forrratieggﬁ“of sedi mentsyDan sludge is Iim ég to a

N%@éqgrwﬁpﬁ]ontent of 0.80 % by weight. 52 Table 24
roperties of a vacuum resi due Properties ASTM Met hod

Vallgeil APl Gavity D287 3.73 Total sulfur, weight%
D- 4984 4.507 Total nitrogen, wppm D-4629 6, 1087

Conr adson car bon, wei %ht % D-524 22.59
Sediments and sludge, weight% D-8470 1.38

Conversion, volume% 75.2

Compoaosition, volume%

Fraction IBP-170°C 6.5

Fraction 170-360°C 36.4

Fraction 360-538°C 32.3

Fraction 538°C+ 24.8

Fraction IBP-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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Asphal t enes, weight% D-3279 17.75 Metals, wppm N +V
502.6 Sedi nents and sl udge, wei ght% D4870 0.0 .
Fraction | BP-538C, volume% 0.0 Table 25 5 Qperating
conditions for the catalytic hydrotreatment of a

acuum resi due in an ebull ated-bed reactor Operating
%&ﬁaﬁeﬁrm reagipr dees-nsddninimeizectihet formation 4 sediments and sludge.
Pressure, kg/cn2 185 LHSV, h-1 0.30 H2/HC ratio, nl/
Tihe1 spaeific Pandpeyties diytieo fesdstock efe 106s@betiain eTatfle 24 and the
Properties and conposition of the hydrotreated residue

StlingPeonditibhe arbybet ' slat aele 251 HHE YobBRMks AP treated
Ogr avintg; Dlmgé? 18.rg'yngt al sul ?u%? wel g‘?}@& f[;t}%f294 I‘ée B{dro reate

j : 629 3,760 Asphaltenes,
248 8 99980 B

In Table 26 it is observed that after carrying out the HDT of the vacuum

residue in an ebullated-bed reactor, the formation of sediments and sludge

~ present is 1.0 % by weight. This value of sediments and sludge is on the upper

limit of the acceptable maximum of 0.80 % by weight, for maintaining continuity in
the operation of this type of processes, and is also higher than those reported in
all of the preferred modalities of the present invention.

Therefore, from the foregoing, it is clearly observed that there are
substantial differences between the processes described in the state-of-the-art
and the process of the present invention, and worthy of note are the results of the
content of sediments and sludge in the hydrotreated 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 shouid 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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Metal s, wopm Ni +V 68.4 Sedi nents and sl udge, weight%
D-8470 1.0 Conversion, volunme% 71.9 Conposition,

%l ume% Fraction IBP-170C 12.9 Fraction 170-360C 26.0
Fraction 360-538C 33.0 Fraction 538C+ 28.1 Fraction
| BP-538C+ 71.9 54 WE CLAIM 1. A two-stage reaction
process for the catal ytic hialletddeat ment of heavy

pet rol eum hydr ocan i.N ' ontent of
netals, total sul ﬂ??’gr@lg%hgfﬂe%%sﬁg%g{b&feal ni tr ogen,

and | ess tiProp8piedy vol une of ASTM Methed recovRigss
at 538C and having APl gravity bel ow 32 said process

APY@ralv#@sS hydrodenetal I'Tzati on of ~fyggpcar bons dll? 73
hydrocracki ng of asphaltenes in a first stage and’

§ | f: bzati on and hydr odenit enati on of
T%agrsgggr?g‘{)éﬁ 1Jio/?z1 a second st age, V\ﬂ:grig%% each rea%'?pgn
Tsfagg@ i s conducted in a fixed-bed éeactor. 2. The

B YOS WAPIA m 1, wherein t he nil18290l ybdenur®,100
catalyst is used on both first and second stages. 3.

Coneagsopceasbons weighit¥h 2, wherein saDd524tal yst is 22.59

‘supported on ganma al um na.
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
H»/HC ratio, ni/ | 1,335
Purity of hydrogen, mole% 100
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4. The process of claim1, wherein each of the said
stages is conducted at a pressure of 40 to 130
kg/cnR2, a tenperature of 320 to 450C, a space
velocity (LHSV) of 0.2 to 3.0 W and a

hydr ogen/ hydrocarbon ratio (H2/HC) of 350 to 1,200
In/I. 5. The process of cl aiakl®26isherein the first
reaction stage is conducted at a pressure of 45 to 90
kg/ cn2, Rrdpertiesand eomiposifion of4he Biydrotipated residue
velocity (LHSV) of 0.2 to 2.0 h"1, and a

hydr ogen/ hydrocarbon rati o p&fWC) of 450 to I,050

In/1. 6.pldlsertieacess of claims5, wherei mﬁ%@gggggidue

m nimzes the formati on of [frents and sl
maxi mum val ue of 0.65 % by n\"/\éﬁ&fpf the hydrotreated

AEE%@?’@Y% val ues of up to %58;36 by vol ume of B

feedst ock are obtained. 8. The process of claimb5,
Teiad selfvr, vaioh¥oper ti es of tPet2%oduct conpared2vi2 h
the feedstock conprise an increase in APl gravity up
Tow@l afipoged, mgpgpehy 15 uni t s ReA®29n t he cont ent #7760
distillates recovered at 538C up to approxi mtely 50

ASphtterdsymights, conpar ed wipplaotZhe feed. 9. A twagt age
reaction process for the catal ytic hydrotreatnent of

I\@%Ww Al rol eum hydrocarbons containing a high
conten{J of nmetals, total sulfur, asphaltenes and
tot'q|+\pitrogen, whi ch process conprises a. pasgéng
hydrogen and a heavy petrol eum hydrocarbon fee ock
havi n a specific gravity less than 32APlI and a

3%@}?%%%%%? %i“gﬂ‘?’IW%lg'a@Zr ecd¥8fél at 538C | ess 1Ban
80% by volunme to a first reaction stage for

Caprrstone ¥ohwne%of sai d feedstock, said first r@&h&ion
stage conprising a

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

54



fi xed bed reactor containing a hydrodenetal lization
catal yst and operated to provide a pressure of 40 to
130 kg/cnR, a tenperature of 320 to 55 450C, a space
velocity (LHSV) of 0.2 to 3.0 W and a
hydr ogen/ hydrocarbon ratio (H2/HC) of 350 to 1,200
In/l, thus formng a hydrotreated heavy hydrocarbon,
b. passing hydrogen and sai d hydrotreated heavy
hydr ocarbon to a second reaction stage in a fixed bed
r a8 containing a hydrodesul furization catalyst
for hydrotreatnent at a pressure of 40 to 130 kg/cn®,
a 1. tenpestiger eacifon3gdcéss 40Ge SaApR VRliORediMehtl BiSHbavy
of (peRroleom3nydirdcarbons agoettatnifiyy @dr Kige wbhiedl o Aick®) toi@l k@iur,
( H2/ds@haliehe3BAd tatal IniRdRn| aAd JesshRArEBOR: Byhelumi® untistifates
sediragrveredant 588G gndf bavied ARl gemity ofeloai 3b°f baidt prabeks
sec aamhprieasc thydodemelgdisation ok dyydtdrarbofis 6&r¥ hydroeiagkitg obf
* t he dsplaligneeatiod ahydirddcastagn. 80d Theirpiesdifigization and
pr odiydkedemjijoganatipn @6éw§rogarbgnamnee secoB@ SabVAREIGR FddR
| NVERaationstage isgioadedied rpfinedibed reacderi des a process for
the catal ytic hydrotreatment of heavy hydrocarbons of
Ieum with a high content of contam nants (netals
% EQ5R% Pt RiES . Whgreie ihe plskelrealyldRnigp ertalyishig used on
con(ﬁ’P{ S angiseeP 9P essure, in conbination VVI t h the

react r ,and.th e of feedstock, whi
QE R O ofie2t SeialT GafhpeERE nerireolit o sryen
|n e product and obtain a hydrotreat ed hydrocarbon
O, B B{ RAT 1] B E.Wéa'zh ¥ §a. taasy aonaa& Jata
el of AN 1:% g‘ C, a space
CO BEiY; (ABYY Bﬁ@'z't@s a%ﬁ rX;B.lo% boh Patio (Hz/HC)
ref bf‘SB'Eﬁo12OO Infl.

5. The process of claim 4, wherem the first reaction stage is conducted at a
pressure of 45 to 90 kg/lcm?, 2 temperature of 350° to 450°C, a space
velocity (LHSV) of 0.2 to 2.0 h™", and a hydrogen/hydrocarbon ratio (Ho/HC)
of 450 to 1,050 In/l.

. 6. The process of claim 5, wherein said process minimizes the formation of
sediments and siudge to a maximum value of 0.65 % by weight of the
hydrotreated hydrocarbon.

7. The process of claim 6, wherein conversion values of up to 70 % by volume
of the feedstock are obtained.

8. The process of claim 5, wherein the properties of the product compared with
the feedstock comprise an increase in APl gravity up to approximately 15
units and in the content of distillates recovered at 538°C up to approximately
50 % by volume, as compared with the feed.

9. A two-stage reaction process for the catalytic hydrotreatment of heavy
“petroleum hydrocarbons containing a high content of metals, total sulfur,
asphaltenes and total nitrogen, which process comprises

a. passing hydrogen and a heavy petroleum hydrocarbon feedstock having
a specific gravity less than 32°API and a content of distillates recovered
at 538°C less than 80% by volume 10 a first reaction stage for
hydrotreatment of sald feedstock, said first reaction stage comprising a
fixed bed reactor containing a hydrodemetaihzatzon catalyst and operated
to provide a pressure of 40 to 130 kg/cm? a temperature of 320° to
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0 schenes. More particularly, the present invention
conprises the stages of: |I) feeding the heavy

hydr ocarbons of petroleumto a fixed or ebull at ed-bed
reactor packed w th a hydrotreatnent catalyst, whose
principal effect is the hydrodenetallization and the
hydr ocracki ng of asphal tenes of the heavy hydrocarbons
of petroleum is and, Il) feeding the heavy
hydrocar bon of petroleun1hydrotreated in stage l to a
fixed 6P0°CbuPl diPage bEeloFiradtdeVini efh &2h rétOr At mengd  a
cat al y5ydrogesyhygrogadion ratig fHetiC)t 358 e A Z9BJ0d. thys foamingia
of thehﬁgQW@mﬂ§@¥U¥QV%ﬁﬁ”B@‘petroleun1 mhose cont ent

of total Ifur is red | evel wred for
"ts By BESSIAGYIGgep ﬁ‘@d ﬁ%\sﬁsr 3 hewfnvm
en

nestgge c ul?unzatlon

if?rgrovgag %q (:g?’!eﬁ] Hg'% a pres ure o to 1{? kg/em?,
empefatu to 50° space velocity (LHSV) of 0.2 lo 3.0 h'
: and a hydrogen/hydrocarbon ratlo (Hz/HC} of 350 to 1,200 In/l, wherein
the amount of sediments and sludge formed in each of said first and

second reaction stages is less than 0.65% by weight of the hydrotreated
hydrocarbon.

10. The product produced by the process of claim 9.
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SUMMARY OF THE INVENTION

The present invention provides a process for the catalytic hydrotreatment of
heavy hydrocarbons of petroleum with a high content of contaminants (metals and
asphaltenes), which operates in operating conditions with low-pressure, in
combination with the type of reactor and the type of feedstock, which together limit
the formation of sediments and sludge in the product and obtain a hydrotreated
hydrocarbon of improved properties, with Ievel_s of contaminants, API| gravity and
distillates within the ranges commonly reported in the feedstocks typical to refining
schemes.

More particularly, the present invention comprises the stages of: 1) feeding
the heavy hydrocarbons of petroleum to a fixed or ebullated-bed reactor packed
with a hydrotreatment catalyst, whose principal effect is the hydrodemetallization
and the hydrocracking of asphaltenes of the heavy hydrocarbons of petroleum,
and, Il) 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 of the heavy hydrocarbon of petroleum, whose content of
total sulfur is reduced to a level required for its treatment in the conventional
refining process or for its sale as a hydrocarbon of petroleum with improved

properties.
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