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Submitted herewith for filing in the U § Patent and Trademark

Office is the following

(1) Transmittal Letter
{2) PTO Form-1082

{3) 28 page Patent Application consisting of
14 pages of Textual Specification
3 pages of 10 claims
1 Abstract of the Disclosure
10 sheets of drawings
(4) Unexecuted Inventor’s Declaration
(5) Early Serial Number Notification Postcard

Date November 1, 1999
NATH & ASSQCIATES

1030 15" Street N W ,
6 Floor
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Assistant Commissioner for
Patents and Trademarks

Washington, D C 20231
Re New U S Patent Application
For METHOD OF AND APPARATUS FOR
PROCESSING HEAVY HYDROCARBON FEEDS
Inventor(s) Yoram BRONICKI
Attorney Docket P-15149
Sir
Attached hereto is the application identified above, includ-
ing
28 Pages Application Consisting of
14 Pages of Textual Specilfication
-3 Pages of 10 Claims
.1 Abstract of the Disclosure
10 Sheets of drawings
X _ Unexecuted Inventor's Declaration
The Government filing fee 1is calculated as follows
Total Claims 10 -20=0 x $18 00 = $0.00
Independent Claims e 2 - 3=0 x $78 00 = $0 00
Base Fee §760,00
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Reduced by one-half, as applicant(s) 1s/are a "small entity”
A Declaration Claiming Small Entity Status

_ wi1ll be filed at a later date

15 submitted herewith

Foreign priority 1s claimed under 35 U S C § 119 from Patent
Application(s) No dated

Priority document(s) will be submitted at a later date
- Priority document(s) is/are submitted herewith
Executed Declaration(s) will be submitted at a later date
pursuant to 37 CFR § 1 41 and § 1 53, with an appropriate
surcharge under 37 CFR § 1 16(e)
Formal drawing(s) is/are attached

Formal drawing(s) will be submitted at a later date

Assignment document (s) is/are submitted herewith, the recorda-
tion fee of $40 00 per document 1s enclosed herewith

A Verified Translation will be submitted at a later date

No payment is enclosed at this time Full payment will be
made when the executed Declaration 1s submitted

Submitted herewaith is a check in the amount of §

Respectfully submitted,

NATH & ASSOCIATES
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Gar{M Nath
Registration No 26,965
Jerald L Mayer
Registration No 41,194
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15 Street, N W , 6 Floor

Washington, D C 20005
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METHOD OF AND APPARATUS FOR PROCRSSING HERVY HYDROCAMMUN FEEDE
DESCRIETION

1 Technical Fleld

This inventions re.atas Lo processing heavy hydrooarbon
feeda containing aulfur, metals, sad ssphaltenes which may be
uged in refaneries and/or producing power, end rurm
particularly, to a mathod of end mpparatus for upyrading heavy
crude oils or fractions thareot

2 Background of Lhe Tnvention

Many types of heavy crude olls contain high concentrutions
of sulfur compounds, organo-metallic compounds, and heavy,
non~distillable fractions called asphaltenes thul are insoluble
in light paratfins such as n-pantane Because most petroleum
products tsed for fuel must have a low pulfur content, the
sulfur compounds in the non-distillable fraotionc rocduce thelr
value to petrolewn refiners und increase thelr cost to users of
such fractions us fuel Or as rew matarial for producing other
produots In order to increase the naleabllity of these
oon-dietillablo tractions, refiners must rssort to various
expediants for removing sulfur compounds

A conventlonal appzoach to removing sulfur compoums in
dialillable fractions of crude oil, or its derivatives, ia
catalytic hydrogunution in the presence of molecular hydrogen at
moderate pressure and Lemperature While this approach ia ceat
effective in removing sulfur from diatillable oils, problcms
arise whon the feed includes metallic-containing asphaltencs
sSpecifically, the proocnos of metallic-containing asphaltenes
results in catalyst deactivation by reason of the coking
Lendency of the agsphaltenses, and tho aooumilation of matals on
the catalys(, especiilly hickel and vanadium compounds commonly
found in the auphaltrenes

Alternative epproaches include coking, high-preosure,
desulfurization, and fluidized catalytic cracking of
non-distiliable ¢ilo. end production of asphalt for paving aad
other usea A.l of thaese processes, howsver, have disadvantages
Lthat sre intengsified by the presence of high concenirations of
wetala, sulfur and asphalteney In the case of coking
non-distillable oils, the cost is hiqh and & disposal market for
the resulting high avlfur coke must be found Furthermore, the
producta produced from thu asphaltene portion of tho feed to a
coker are almoot entirely low valued coke and crackod qases, In
the case of residunl oil desulfurizalion, the cogt of

B2 67 66. 18 AN
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high-prcosure equipment, catalyst consvmption end long
processing times makc this alternative undeairably expensive

In U $ Patent No 4,191,636, hoavy o1l ia
conl lnuvusly converted into asphaltenes and metal-trce oil by
hydrotreating Uhe heavy 0i1) to crack asphaltenes selectively and
remove hecavy metals suech aa nicrkal and vansdium simultansoualy
Thao liquid produots are scparated inte a light Iruction of an
asphaltane~free and metal-frec oll and a heavy fraction of an
agphaltene and heavy metal-containing oil The light fraction
is racovared as a product and the heavy fraction ip recycled to
the Lydrotreating step -

In U S Patent No 4,528,100, a procesg for the treatment
of residual oll is diaclosed, Lhe process comprising the steps
of treating the residual oil so as Lu prixiurn a fivst extract
and » f£irot ruffinate using supercritical solvent extractiivn,
and then troating the firat raffinate so as to produce a avcond
extract and a second rarffinate again by osupercritical solvent
extraction using a second superoritical golwvent and then
combining the first extract and the raffinata to a product fuol
Tn accordsnce wilh a particular embodiment of the invention
diasclosed in the U 5 ‘100 patent, the superoritical solvents azo
particularly selected to concentrate vanadium in the second
extract Thus, evun though the amount of vanadium present in
the produce fuel is low and conasequantly beneficial for reducing
gas turbine maintenance prublems ax stated in this 0 § ‘100
patent, asome amcunt of vanadium doen at{ll vemain therein.

Another example of a user of the heavier, highew:r bolling
range portion of a hydrocarbon e a refinery with a f£luid
catalytic cracking unit (3 £CC unit} FCC units typically aze
operated with a feedstock quality conatraint of very low metals
asphaltenes, and CCR (1 e , lees than 10 wppm metals, leos than
D 2 wth asphaltenes, and less than 2 wty OCR) Utilizavrion of
faadstocks with greater levels of asphaltengs of CCR rasults in
incraased coke production and a corresponding reduction in unit
capecity In addition, use of feedstocks with high Jevels of
matals and asphaltense results in more rapid deactivation of the
catalyst, and thus increasod oatolyst consumption rates and
increased catalyst replacement coots

IntU S Patant No 5,192,471, a process tor the treatment
uf whole crude oil is disclosed, the procass comprising the
sleps of deasphalting the crude by firat mixing tha crude with
an aromatic solvent, and then mixing Lhe ¢crude-aromatic solvent
mixture wilh «¢n sliphatic solvant The 8§ § ‘421 patent (at pege
9, linea 43-45) adentifies that certain modifications must be
nade to prior art solvent deasphalting technologies, such an
that described in U & Patent Wea 2,940,920, 3,005,769, and
3,053,751 in order to accommodate the process deacribed in the
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U S ‘422 patent, in particular pince the prior art golvent
deasphalting reachnologies have no means to remove that portion
of the charge oil that will vaporlze concurrently with the
solvent &nd thus contaminate the solvent uswd lu the prorass
In addition to being burdenad by the complexity and cost
resylting from the use of twoe solvents, the U 9 *“421 prucwasy
resulte in a deasphalted product that still oontains a
non-distilled portion with lavels of CLR and mstalo thot exceed
the desired lovels of such conteminenta

InU S8 Patent No 4,686,028 a process for the treatment of
whole crude oll ls dlsclosed, the process comprising the steps
of deasphalting a high boiling range hydrocserbou in 4 Lwo-stags
deasphelting process to separate asphaltene, resin, and
deasphaltod fractionas. followad by upgrading only the resin
fraction by hydrogenation or visbreaking Tha D 8 ‘02R patent
i5 burdened by the complexity and cost of a two-atage solvent
doacphalting oyotcm uoed to separate the resin fraction from the
doaophaltod oil In addition, like the U & ‘421 patent, the ‘026
procens rooulits in an upqraded produst that otill contains a
non-distilled fraction — the DAO — that is contaminated with CCR
and motalo '

Metals <ontained in heavy oils contaminato and spoil the
performance of catalyats in fluldized catalytic cracking units
Asphaltenes present in such oils 3re converted to high yields of
voke and gas which burden an oparator with high coke burning
raquixements

Another alternative availeble to a refiner or heavy crude
uaar is to dispose of the non-distillable heavy ofl fractions as
fuel for industrial power gencraktion or ag bunker fuel for
ships ULisposal of such fractions 2o tucl 13 not partiocularly
profitable to a refiner becsuse more valuable distillate oila
must be added in order to reduce viscosity sufficiently (e g
producing heavy fuel oll, etc ) to ellow handling and ghipping
furthermore, the pressence of high svlfur snd metals contaminants
lessens the value to nsers 1In addition, this does nol solve the
problem of the non—-distillable heavy oil fractions in a global
sense since environmantel regulations restrict the use of high
eulfur fuel oil Rafinars frequontly uoc a thormnl converasien
procese, @ g , visbreaking, for reducing tho hcavy tucl oil
yield This process convexrts 8 limited amount of the heavy oil
to lowar viscosity light oil, but has the disadvantage of using
sume af the highler wvalur distillate olils to reduce the viscosity
of the heavy oil sufficlently to allow handling and shippling
Moreover, the asphaltene content of the heavy oll restricts
sovercly the degroe of visbreaking conversion posaible due to
the tendoncy of tho asphaltonos to oendense into heavier
materials, even coke, and caugse ingtabliity in the regulting
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fuel oil Furthermore, this process reduces the amount of heavy
fuel 0il that thc roiiner has to sell and 1s not wseful in u
refinery procesaing heavy ¢rudes

Many proposals thus have bfor dealing wath crudand metals
And while many aru technically viable, they appear to have
achieved little or no commercialization, dus, in large measure,
to tho high gost of the techmology invelved Usuvally such cosi
takes the form of increased catalyst contamination by the metals
and/or the carbon deposition resulting from the attempted
convarsionp of the asphaltene fracticns v

An example of Lhe processas proposed in order to SCope with
high metals and asphelienen is disclosed in 0O 8 Patent No
4,500,416 In one ambodiment, an asphultene-containing
hydrocazrbon feed is solvent deasphalted in a deasphalting zone
to produce a deasphalted oll (DAO) fraction, acd an asphaltiere
fracvion vhich 16 catalytically hydrotreated in a hydrotreating
zone to produce a roduced asphaltane stream that 1a fractionated
to produce light distillate fractions and a firat hoovy
distillute fraction Both the first heavy distillate fraction
and the DAOQ fraction sre Lhermally cracked into a produot stream
that i1s thep fractiopated into light distillate fractiong ang a
gacond heavy distillate fraction which is routed Lo the
hydrotreating zone

in an altornativo cmbodiment, an asphaltene-containing
hydroosrbon feed is solvent domophalted in a deasphalting xone
to produce a deasphalted oll (LAD) fraction, and an acphaltene
fracilun which is catalytically hydrotreated in a hydrotroating
zone to produce &4 reducad asphaltene stream that is fractionated
to produce light distillate fractions umd a first heavy
distillate fraction The first heuvy distlllate fraction 1B
routod to the deaaphslting zone for deasphalting, and the DRO
fraction is thermally aracked into a product stream that is Lhun
fracrtionated into light fractiono and a sacond heavy distillate
fraceion which is routed to tho hydrotreating zone

In sach embodiment in tho 416 patent, asphaltenes are
routed to a hydzotreating sone whoroin heavy metals present in
the esphaltanas cause a number af problems Primarily, the
pxesence of the heavy metals in the hydrotreatsr causes
deactivallon of tha catalyst that $increasas the coat of the
operetiocn In addition, such heavy metals also result in having
to employ higher pressurss in thu hydrotreatar which complicates
ito design and operation and hence its cost

It is therefore an object of the present invention to
provide a new and improved maethod of and apparatus for
processing and upgrading heavy hydrocarbon foodo containang
aulfur, metzls, and asphaltenes, wherein the disadvantages as
outlined are reduced or substantially overcome

T2 6T 66/ 10 MH
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SUMMARY OF THE INVFKTIOW

Apparatua for processing a heavy hydrocarbun feed, in
accordance with the present invention, comprises firstly a
heate: Lor heating the heavy hydrxocarben teod The heated heavy
hydrocarbon fewd producad e fed to an atmospheric tractionhating
tower for fracticnating the heaatad heavy hydrocarben feed fed to
the inlot of the atmospheric fractionating Luwuer produring light
atmogpheric fractions and atmogpheric bottoms In addition, the
appazatus includes a vacuum f£ractionating tower for
fractionating heated atmospharic bottoms, haated by a further
heaater, and producing lighter vacuum fractione and vacuum
residue Furlthemore, the apparatus includes a solvent
deasphalting (3DA) unir four producing deasphalted oil {DNO} and
asphaltenes from the vacuum xesldue sn well as a thermal cracker
for thermally cracking the deasphalted oil and pruducing a
thermally crackod product which is recycled to the inlet nf the
awrogpheric fractionating tower Moreover, the apparatus can
include a3 further thermal oracker for thermally cracking the
lightat vacuum fractiong for producing a furthor thermally
crarked product which iz recycled to the inlet ot the
oteogpheric fruttionating tower If preferred, the lighter
vacuum fractions can be aupplied Lu the thermal cracker in
addition to the deasphalted oil In such 2 cass, the further
thermal oracker provicusly mentioned is not used

Murthermore, the pregent invention includes a method fur
processing a heavy hydrocarbon teed compriocing the steps of
heating a heavy hydrocarbon faed and fractionnting the heated
heavy hydrowstbon feed in an atmospheric fractionating tower for
producing light atmosphecle fractions and atmospheric bottoms
Heated atmoapheric bottoms, huated Ly a further heater, are
fractionated 1n a vacuum fractionating tower far producing
lighter vacuum fractiona and vacuum residue while the vacuum
regidue sre solvent deoasphaltod in a solvent deasphalting (SDA;
unit for producing deasphalted oil (DAO) and asphaltenas The
dearphalted oll is then tharmally cracked in a thormmal cracker
for produvcing ¢ Lhermally cracked product that is recycled to
the inlet of the stnmanpheric fractionating tower fn addition,
the lighter vacuum fractions can be thermally cracked for
producing e further thermally ciackwd prodoct that is reoycled
to the inlet of the abtmospherie fractionating tower Thermal
gracking ot the lighter vacuum fractions can be carrled out in a
soparate thermal oracker or in tho same thermal cracker in which
the deasphalted oil i1s thexmally ocrackod §imilar apparatus and
methods are disc.osed in U 9 Patent Application Berial No

08/910,102, the disclowure of which is hereby ingorporated by
refarence
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BRIEF DESCRIFTION Or THE ORAWINGS

Fmbodimeri s of Lhe prement invention are described by way of
example, ond with reference o Lthe accompanying drawings
wherodn

Fig 1 i¢ 2 block dioqram of a first embodiment of the
present invention for processing a hydrocarbon foed;

rFig 1a 13 a block diagrem of a moditication of the firet
embodiment of the present invention mentioped above for
processing & hydrocarbon fand

Fig 2 is a block diagram of a second embodiment of the
prosent invention for processing B hydrocarbon feed: -

Fig 3 10 a blook diagram of a third embodiment of the
pragent invention for processing a hydrooarbon fesd;

Fig 4 ia a block diagram of a further cmbodiment of the
present invention for processing a hydrocarbon fead,

Fig S ls a block diagram of a still further embodiment of
the prasent invenrlon for processing a hydrocarbon feed,

Fig 6 1s a block diagram of anothe: esbodiment of the
present invention for procesaing a hydrocarboum fewd:

Fig 7 is a block diagram of another embodimant of tha
prasent invention for precessing s hydrocazbon feed,

Fig B it a block diagram of anothor cmbodiment of the
pregsent invention for processing a hydrocarbon tood; and

Fig 9 is a block diagram of another embodiment ¢f the
pressnt Snventlon fur processing a hydroczrbon feed

Like referance Aumuruls and drrignations in the verious
drawings refer to like elements

DETAILED DESCRIPTION

Turning to the drawings, numeral 10 in Pig 1 dasignates
apparatus tor proccaoing hcavy hydrocarbons in accordance with
the present inventlion wherxein heavy hydrocarbon foed io gupplied
to heater 11 and the heated heavy hyarocarbon feed ia fed to
atmosphuric fractionating tower 12 Aarmosphsrie fragtionating
tower 12 produces lighl atmospheric fractioos in ling 14 and
atmospheric bottoms in liue 15 The atmospherie botteams in line
15 are then supplied to heater 16 and the heated atmoapharic
pottoms are supplied to vacuum frectionating tower 18 which
produces light vacuum fractions in line 20 and vacuum residue in
line 22 7Tho voouum residue in line 22 is thea supplied to
solvent deasphalting unit 24 which produces deasphalted oil in
lina 26 and asphaltenes in line 28 Deasphalted oll in lino 26
1s sopplled to thermal cracker 30 that produces thermally
cracked produclt in line 32 that is recycled to inlet 13 of
atmospheric fractionating tower 12 Moreover, tha 1ight vescuum
fractions ir line 20 are aupplied to further thermal cracker 35
for thermally cracking the lighter vacuum fractions and a
furtber thermally cracked product is produced inm line 37 that is

22 61 €6, 18 Al
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recycled to inlet 13 of atmospheric traationating tower 12. If
prefarrad, rslbyr Lthan using further thormal cracker 33, the
light vacuum fractions in line 20 can ha tharmally cracked in
thoxmal oracker 30 togethar wath the deasphelted oll supplied ln
line 25, see Fig 1la

Numezral 1DA in Fig 2 designates another embodimcnt of
apparalus {or processing heavy hydrocsrbons in accordance with
the present invention whureln heavy hydrocarbon feed 18 supplied
to heater 11A and the heated heavy hydrocarbon {eed i3 feod to
atmospheric fractioneting tower 12A Atmuspheric fractionating
tawor 12A producea light atmospheric fractions in lines 1# and
atmospheric bottoms in line 16A The atmospheric bottome in line
16A are then supplied to heater 17A and hoatod otmospheric
bottoms are supplied vacuum fractionating tower LEA which
produces light vacuum fractions in Alnes 20A, heavier vaguum
fractions an llue 21 end vacuum residue in line 22a The vacuum
gesidua in lina 22 are then supplied to solvent deasphalting
unit 24A which produces deasphalted o0il in line 26R and
asphaltenes in line 20A Deasphalted oil in line 267 {r supplied
to thcrmal oracker 30A that produces thermally cracked praduct
in lino J2A that io recycled to inlet 13A of atmeapheric
fractionating tower 1JA Moxeovar, the hoavicr vacuum fractions
in line 21 are supplied to further thermal crackor 34N tor
thermally cracking the heavier vacuum fractions ard a further
thermally cracked product iz produced in line 37A which is
recycled to Inlet 13A of stmospheric fractionating tower 12A

Turning now to the embodiment dencribed with refezence to
Fig 3, numeral 10B designates m further edbodimert of apperatun
for proccooing heovy hydrocarbens in accordance with tha pressnt
invention 1In thic ¢mbodiment, heavy hydrocerbon feed is
supplied to haater 1i8 and the heated heavy hydrocarbon feed ia
fad to atmosphexic fractionating tewar 12B Atmospheric
fractionating tower 12B produces light atmospheric fractions in
1irnms 148 and almosphesic bottoms in line 168. The atmospheric
bottoma in line 16B aze Lhen supplied to heater 178 and the
heated, atmospheric bottoms are suopplied to vacwum [rectiovnating
tower 18D which produces light vacuum fractions ir lines 20B,
heaviar vocuwm fraotions in line 21P as well as vacuum reaidue
in line 223 Tho vacuum rcojdue an line 22B is then supplied to
solvent deasphalting unit 24B which produces dsasphalted ¢il in
line 26B and asphaltenas in line 288 Deasphalted oil in linc
26B i3 supplied to thermal cracker 30B that produces thermally
cracked pruducl ln line 32B that is recycled to inlet 13B of
atmospheric fracstiungling tower 123 Moreover, the heavier
vacuum fractions in line 21B are =upplied to line 26B to form a
combined product that is supplied to thermal crackar 30B

£E2 67 66, 1@ AGH
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In another cmbodimont of the present invention, deacribed
with raeference to kig 4, numeral 10C desiqnates a still further
embodiment of spparatus for processing heavy hydrocazbons in
accordanre with the pieseni invention Yo this embodiment, heavy
hydrocarbon feed is supplied to heate: 11C and tha hmated heavy
hydrocarbon feed is fed to atmospheric fractienating tower 12C
Atmospheric traationpting tower 12C produces lighter atmospharic
fractions in line 14¢, light atmospheric fractions in line 15C
snd atmospheric bottoma in line 16C The atmoespheric bottoms in
1itne 16C are then supplied to heatar 17C and the heatead
atmoaphrric botroms are supplied to vacuum fractionating tower
1BC which produces laght vacuum fracLlonz in linas 20C, heavier
voouum fractions an line 21C and vacuim residue in line 22C The
vatuum resicus in line 22C are then supplied to solvent
deasphalting unit 24C which produccs domsphalted oil in line 26C
and asphaltenos in line 28C Ueasphalted oll in line 26C ia
suppliad to thammal cracker 30( that produces thermally crackod
product in line 32C that is recycled to inlet 13C of atmospheric
Tfracilonetring rower 12C Moreover, the heavier vacuum fractions
in line 21€ are auppliad to furlber therxmal cracker 35%C for
thermally cracking the heavier vacuum frscilons and a furtherx
thormally cracked product is produced in line 37C which ia
racyclod to inlet 13C of atmospheric fructionating towexr 12¢
Furthermore, this emdodiment includcs hydrogen donor apparatus
40C having hydrotreater 43C to which light triaotion product in
line 38C is supplied and which produces treated hydrocarbon feed
ln line 41C Traatad hydrocarbon feed in 1ing 41C i3 supplied to
heatar 43C und the heated, treated hydrocarbon faed L& thon fed
to furthex atmospheric fractionating tLower 62C PFurther
atmospheric fractionating tower 42C produces funther light
atmogpheric fractions ir lines 44C and furthar atmoepheric
bottoms in linc 46C The further atmospheric bottoms in line 46C
are then supplied to heater 17C and the hoatod, further
atmospheric bottoms are supplled to further wvoouum fraotionating
tower 48C that produces further light vacuum fractions in lines
50C, fuxlber heavier vacuum fractions in line 51¢ and further
vacuum residue in 1line 52C 1In this embodiment, portion of
further heaviar vacuun fractions or hydrogen donor siieum
present in line 51C is fed via line 60 to line 26C for inmpul
into thermal crackor 30C A farther portion of the hydrogen
donor stream is fod to linc Z21C uaing line 61 for input into
thermal cracker 3504

Prefgrably, the ratlo of the deasphslted oll present in
1line 26 to the smount of hydrogen donor s$tream present in line
feed 60 18 0 25 to ¢ Alsu, preferably, the ratio of the heavier
vacuum fraction present in line Z1C to the amount of hydrogen
donor atreem present in line 61 is also 0 25 to 4
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In a further embodiment of the present invention deseribed
with reference to Fig 5, numeral 1OD designates an gven further
embodimont of apparatus for processing heavy hydrucarbons in
accordancs with tha pregsent anventaion In thia embodiment, heavy
hydrocarbon fged is supplioed to heatar 110 and the heated, heavy
hydrucarbon feed is fed to atmospheric fractionating tower 12D
Atmospheric fractionating fowar 120 produces lighter atmospheric
Iractions in line 14D, light fractions in line 15D and
atmospharic bottoms in lina 16D The atmaspheric hottomw in line
16D are then suppliod to heatezr 17D and the heated atmospheric
bottoms are supplied to vacuum fractionating tower 18D that
produces light vacuum fractiors in lines 200, heavier vacuum
Iractlions {n line 21D and vacuum residus in line 220 The vacuum
rasidue in 1ine 220 wre then supplied to solvent deasphalting
unit 24D that producus deasphmited oll in lins 26D and
aaphaltenes in line 28D Dessphalted u:l in line 260 is supplied
to tharmal cracker 30D that produces Lhermslly rracked product
in line 33D that 1s recyocled to inlet 13D of atmospharic
fractionating tower 12D Horecver, ths heavier vacuum fractions
in ling 21D are alse supplled to line 26D for input into thermal
ccacker 300 PFurthermors, this smbodimsnt inciudes hydrogen
dutior spparatus 40D including hydrotreater 45D to which light
fraction product in line 39D is supplied and that produces
treated hydrocarbon in line 410 Treated hydrocarbon feed in
line 41D i35 supplied to heatexr 43D and the heated, treated
hydrocarbon fesed is fed to fuxther atmospheric fracticnating
tower 42D Further atwmospheric fractionating tower 420 produces
further light atmoophcrlc fractions in lines 44D and furthe:x
atmospharic bottoms in ling 46D The Furthor atmospheric bottoms
in line 46D axe then supplied to heater 470 and the heated,
furlher ntmospheric bottoms are supplied to further vacuum
fractionating tower 48D Lhat produces further light vacuum
fractions in lines 50D, furither heavier vacuum fractioene in 11
51D and further vacuum residue in 1ine 52D In this embodiment,
further heavier vacuum fractions or hydrogen douwur stresm
present in lino 51D arc fed via line 60D to line 26D for input
into thermal cracker 30D

Preferably, the ratio of the hydrocarbon feed present in
line 26D to the amount of hydaroqgen donor atream prosent in line
faed 605 in 0 25 to £

As far as tha embollrenl of the present invention ia
concerned, described with referume to Fig 6, numeral 10E
deoignates another embodiment of apparatus for processlng heavy
hydzrocarbhons in acoordance with the present inventlon In thias
anmbodiment, hoavy hydrocarbon foed 13 suppliad to heater 11E and
ths heated, heavy hydrocarbon tacd 18 tod to atmospheric
fracticnating tower 12§ Atmospheric fractionating towar 12B

vZ2 61 66, 128 AON
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producas lighter atmospheric fractlons in line 14E, Yight
fractions in line 1S5E and atmospheric bottoms in line 16E The
lighter atmosphexic fractions in line 14E and light fractions ain
lfne )58 sre combined and the ¢combined product iz supplicd to
hydrotreater 1898 Lhal produras s hydrotreated product The
atmospheric bottoms in line 16E are then supplied to heater 17%
ana tho heated, atmospheric bottoms are supplied Lu vacuum
fractionating towar 1¥E which produscs light vecuum fractions in
lines 20E, heavier vacuum fraotions in line¢ Z1E and vecuum
rasidue in line 228 The vacuum residue in line 22E io then
supplied Lo dessposlting unit 24E which produces deasphaltad oil
in line Z26E and aspbhaltrenss in line 26E Deasphaltaed oil in line
26B is supplied to thermal rracker 30E that produces thermally
cracked product in line 32E that is recyuled to inlet 13E of
atmosphoric fractionating tower 12E Moreover, the light vuecuum
fractions in linco 20E, and heavier vacuum fractions in line 21F
are supplied to line 39E Portion of thopo fractions is supplied
to further thexmal cracker 3SE for thermally orxacking thess
vacum fractions and a further thersally cracksd product ie
produced in Tine 37F Lhat is recyclad to inlet 13K of
atwosphezic fracticnating Lower 1?R  Furthermore, this
exbodiment includes a further hydrotreatar 40R to which a
turther portion of fractions present in line 39E is supplied and
that producas trcated hydrocarbon feed in line 41E In thisa
embodinment, portion of troated hydrocarbon feed in line 41E is
supplied via .ine 60E to line 24E for input into thermal cracker
30E FPreferably, the ratio of the deasphalted oil prosent in
line 268 to the amount of treated hydrocarbon feed pregent in
line GOE i5 0 2% to 4 A furlber portion of the treatad
hydrocerbon feed in 41E is supplled to line 428 via line 62 for
input ainto thermal cracker 3I5E

Praferably, the ratio of the vacuum fractions present in
line 412E to the amount of treated hydrocarbon feed present in
line feed 62 is also 0 25 to 4

Turning to the ambodimant ¢t the present imvontion
desc.ribed with reference to Fig 7 similar appaxatus to that
describied with refarsnce to Fig 6 i shown vheroin numeral 10F
designates a further embadiment ol apparatus for processing
heavy hydrocarbons in accordance wath the pressnt invention In
this ombodiment, heavy hydrocarbon feed is supplied to heater
11F and the heated heavy hydrocarbon feed is fed to atmospheric
fractionating tower 12F Atmosphoric fractionating tower 12F
produces lighter atmogspheric fractions in line 14F, light
fractions in line 157 and atmospheric bottoms in line 16F Tho
lightar atmospheric fractions in line 14F and light fractions in
line 15F axe combined snd rhe combined product is supplled to
aydrotreater 1SF that produces a hydrotrealed product The

10
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atmogpheric bottoms in line 16P are then supplied to heater 17F
and the heated atmosphcric bottoma are supplied to vacum
fractionating tower 18y which produces light vasuum freaotiona in
1lnes 20F, heavier vacuum fractions in lin¢ 21¢ and vacuum
regidue in line 22F The vacuum residue in line 22F is then
aupplied to deasphalting uniz 24F which produces deasphalted oil
in line 26F and asphaltenes in line 20F Deasphalted vil in 1ine
26r is supplied to thermal cracker 30F that produces thermally
cracked produot in line 32r that ig rcoycled te istlet 13F of
atmospheric fractionating towsr 12F Norasver, the light vaocuua
fractlons in lines 20F, aod heavier vacuum fractions in line 21F
are supplied to llne 398 Portion of thegse fractions ig supplied
to line 26F for imput into thermal cracker 30F Purthermorxe,
thia embodiment includes a further hydrolruuter 40F to which a
furttor portion of fractions present in lire J9P 13 mumplied and
whioch producas trcated hydrocarbon feed in line GOF All of
treated hydrocarbon feed in line 60F, in this embodiment, is
supplied to line 26F for input into thermal crackor 30F

Prefsrably, the ratio of tha hydrocarbon feed pressnt in
1line 26F to the awounl vl treated hyirocarbon feed present in
line feed 60F i3 0 25 to ¢

Numeral 10G in Flg 68 designates an additrional embudiment
of apparatus for processing heavy hydrocarbons in accordance
with the present invention In thiz embodinment, heary
hydrocarbon feed .s supplied to hcater 11G and the heated heavy
hydrocarben £00d8 .s fed to atmospheric tractiomating towor 12C
Atmoapheric fractionating tower 12G produces lighter atmosphoric
fractions in Iine 146G, light fractions in line 135G and
atmospheric bottomn tn Yine 166 The lighter atmospheric
fractions in line 14G and light fracliona In line 15G are
combined and the combined product is supplied to hydrofreater
196 that produces a hydrotreated product The atmospheric
bottoms in line 16GC are then supplicd to heater 17G and the
heat¢d atmospheric bottome aze supplicd to vacuum fractionating
towar 16§ that produces light vacuum tractions in lines 206G,
heavier vacuum fractions in line 216G and vacuun regidue in line
226 The vacuum residue 1n Jine 226G is then supplied to solvent
deasphalting unit 24G which produces dessphulted oil in line 266
and asphaltenes in line 286G Deasphalted oil in linw 266 ia
supplicd to thermal cracker 30G that produces thermally cracked
produot in line 32G that is recycled to inlet 136 of atmespheric
fractionating tower 12G Moreover, tho light vacuum fractions in
lines 20G are supplied to line 39G Fortion of theso tractiono
is supplied to further themmal crackar 335G for thermally
crackung Lhese vacuum fractions and a further thermally cracksd
product is produced in llne 37G which is vmcyclsd to inlet 136G
of stmospheric fractionating tower 12G 1In addition, heavier

11
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vacuum fzactiona in linc 216G are supplied to this portion of
fractions suppllied to further thcrmal cracker 356G Furtherwore,
this embodiment includes a further hydrotreater 40G to which a
fuxther poriion vl fractions present in line 39G is esuppliod and
which produces treated hydrouarbon feed in line 41G In this
cnbodimant, portion of treated hydrocarhon feed ln line 41G is
supplied vlio line 680G to line 26@ for input into theomal crxacker
30G A further portion or the treated hydrocarben feed in line
41G im supplied via line €2G to line 42G for input inte further
Lhermal cracker 35 Preferably, the ratic of the vacuum
fractiony present in llue 42G to the amount of treated
hydrocazbon feed preseunl in line feed 626G i3 0 28 o & Alsoe in
this embodiment, portion for thea hydrotrested product exiting
hydrotreater 193 is supplied via line 64G Lu treated hydrocarbon
foed in 1lino {1C exiting further hydrotreater 40G Conasquently,
pPortion of the hydrotreated product supplied to line 41G is
supplied to line 26G tor input into thormal craaker 30% while
another portion of the hydrotreated product supplied to line 416G
is supplied to further chermal cracker 35G

Preferably, the ralliu of the deasphalted oil present in
lina 266G to the amount of Lcealed hyd-ocarbon feed prepant in
lina fesd 60G is 0 25 to 4

As far as the embodiment of the present invenllion deacribed
with refarenco to Fig 9 is concerned, simllar apparatua to that
described with reference to Fig B 5e¢ shown vherein aumersl 10H
degsignates 3 further embodimant ot apparatus for processind
heavy hydrocarbons in accordance with the presant invention In
Lhils embodiment, heavy hydrocarbon feed is supplied to heater
11X and the heated heavy hydrucurhon Zeed is fed to atmospheric
fractionating tower 12H Atmosphexic “ractionating rtower 12H
produces lighter atmospheric fractions in 1lire 14H, light
tractions in line 15K and atmospheric bottoms In linm 168 The
lighter atmosphoric fractions an line 14H and light fractiana in
line 154 are combinod and the combined product is supplied to
hydrotreater 195 that pro¢uces & hydrotroated prodaot The
ulmuspheric bottoms in line 16H are then supplicd to heater 17H
and Lhe heated atmospheric bottame are supplied to vacuum
fractionating tower 18H whach produces light vacuum fractions in
lines 20H, heavier vacuum fiaclions in Vine 21H and vacuum
residve in line 22H The vacuum reaidue {n line 22H is then
osupplied to solvent deesphalting unit 244 which prodoces
deasphalted oil in linc 26H and aspheltenes in line 28H
Deagphalted oil in linc 26H io aupplied to thermal cracker J0OH
that produces thermally cracked product in line 324 that isg
recyclud to inlet 138 of atmospheric fraotionating tower 12R
Moreover, the light vacuun fractions in lines 208 are supplied
to line J5H for input into further hydrolrealer 40H which
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produces rreated hydrocarbon feed in line 41H that is supplied
via lins 60H to lino 26H for inpul into thaemmal orackcr 30H
Heavier vacuwn fractions in line 21H sre also supplied to line
26H for input Into thexmal cracker 30H In Lhim embodiment,
portion for the hydrarrsated product oriting hydrotreater 19H is
suppliad vic line 64H to Lreated hydrocarbon feed in line 41H
exiting furthar hydrotreater 40H <onsequently, tho portion of
the hydrotreatad product supplied to line 41M 18 supplied to
line 268 for input into thermal cracker 0H

Preferably, the ratio of the hydrocarbun feed present in
lina 2€N to the amount of treated hydrocarbou feed presant in
line feed GOH 15 0 23 to 4

The present invenlion permits the efficient control of the
£inal boiling point of Lhe product stream This has impurtance
since the valuo of the upgraded product produced in accorxdance
wlth the present invention changma rfor aach specific refinery
configuration Refinerics are sensitive to the final beiling
point of Lhis upgraded product and matecial that has high value
for one may be valuad at the value of vacuum residue by another
Thus, the value of the product or synthetic ciude produced in
accordance with the present invention and supplied Lo the
xefinery can be differant for a differcnt balance of the
differont rroctions produced Rafineries are differentiated one
from another by the products and fractiong they are willing to
aceeapl Consequaently, gomstimes, the value of a product in ths
boiling point rango between 650 — 1050°F is low cven if its
qualily is high Herc, refineries sy prefer different divisions
of boiling point ranges of tha improved producta in acoordance
with the prouvessing unite or apparatus downstraeam As a xesult,
if ¢ g a refinery is the ollent of the product or the user of
the process, there ls an adventage of flexibility of tha final
hoiling polnt in general and in the actual balonce hetweean the
vacuum gas oil and the atwopheric product fractions
rarthermore, often a diluenl nesds ro be added to the crude oll
In oxder to maet the pipeline apecliications for conveying the
henvy vil Thus, the prasent inventlun permite convaeraion of
pazt of the crude ofl into diluent that can be used in the
transportation of more viscous oll

Moreover, um far as combustion turbines sre cLoncernesd, it
is important te control the vigsoogity and density of the product
thus pormitting substantially aveiding potcntial riska from
occurring in the fuel system wund injectors ot the turbine

In addition, it should be noted that supply means or lines
nentloned in this specification refer (v suitable conduits, ate

Furthemore 4t should ba pointed wvut that the present
invention iuclndes as well the mcthod for cperating the
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apparatur discloged with reforense to the above-deacribad
figures

It is believed that the advantages and feprovaed reaults
furnished by the method and spparatus of tha present invention
are apparent from the foregoing descriprion of the invontlion
Various changes and modifioations may ba made without departing

£rom tha gplrit and scope ot the invention as describsd in the
claima that follow

14
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WHAT IS CLRAIMED IS: i

1 Apparatus of procesging heavy hydrocarbon feed
comprising '

a} a heater for hegting sald beavy hydracarbon
fead t

b} an atmoespheric fract.unating tower for
fractiunaring the heated heavy hydrocarbon feed fed to the inlet
of the atmospheric fractionating tower producing light
atmosphe-ic fractions and atmospheric bottems;

¢) a l[uzther heater for hcating seid atmoapheric
bottome and produciug hea.ed atmosphoric bottoms)

d} o vacuum fraclicnating tower for
fractionating vaid heated atmoapherlc hottoms and produoing
light vacuum fractions and vacoum residue,)

e} 3 golvont deasphalting (8DA) wnit for
producing deasphalted oil (DAD) 2nd sasphaltenes from ssid vacuum
reajidue

£) a thermal crackexr for thermally cracking
sald decasphalted oil and producing a thermiily eracked product
vhich iz recycled to the lulet of said atméspheric fractionating
Tower and

g} a further thermal crarker for thermally
ueacking said light vacuum fractions far producing a furthoex
thermally cracked product which is recycled Lo the inlet of said
atmospheric fractionating towar

2 Apparatus according €0 claim 1 including means for
pupplying only the henvy poretion of said light vacuum fractlons
to gaid further thermal crackar .

3 Apparatus according to rlaim 2 including a hydregen
donpy gystem for processing the lighier portien of sald light
varuum fractions and producing a hydrogen donor stzeam, said
hydrogen donor eystem inoludings

a) a hydrotreater for preducing a treated
hydrocarbon feed from said the lightor portion of said llght
vacuum fractions

b) a atll] further heater tor producing a
heated, treatcd hydrocarzbon stieam,

4) a further atmospheric fractionating tower
for fractionatirqg said hooted treated hydrucarbon steeam for
producing further light stmosphsric fractions and further
atmosphecic bottoms,

d} am additional heater for heating said
further atmospherlc bhottoms and producing heated, furthe
atmospheric bottoms and

¢} a further vacuum Iracticasting tower for
fractionating said heated, further atmospharic bottoms and

15 '
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producing further lighter vacuum fractions and further vacuum
residue such that the heavier portion of sald further liyhter
vacuum fractions or hydrogen dohor streawm 1s supplied to said
tharmal cracker -

1 & method for processing heavy hydrocarbon comprising
the steps of

a) heating eaid heavy hydrécarbonr

b) fractionating the heatod heavy hydrocarbon
feed in an atmospheric fractionmating towaer tor producing light
atmoaspheric fractions and atmospheric bottoms;

¢] heating natd slmospheric bottoms for
produaing hcated atmospheric bottoms,

d) fractionating said hearad sLmoapharic
bottoms in a vacuum fractionating towver for preoduring lighter
vacuumn fractions and vacuum residuoy

e) solvent deazphalting said vacuum residus in
a solvent deasphalting (SDA} for producing deasphalted oil (DRO)
and asphaltanes

£) thermally rracking said deasphalted oil in a
thermal cracker for producing a thermmlly crackad product which
is xeooyocled to the inlet of sald atmowpheric fractionating
tower, and

g) thermally cracking said lighter vacoum
fractions for producing a further thermally cracked producl that
is recycled Lu said atmospheric fractionating tower

$ A wethod according to claim 4 providing & further,
oeparate thermal cracrksr for thermally oracking soid lighter
vacuum fractions

& A mcthod according to claim § incluwding providing
means for supplying only the heavy portiun af said light vacuun
fractions to said turther thermal cracker

7 A method according to olaim 4 wherein said lighter
vacuum frartions are thermally cracked in the sama thermal
cracker in which said deasphalted oil ip thermnlly ¢racked

0 A method ucrording to claim 4 inoluding:

a) providing a hydrotreater for precassing said
light atmoapheric and the lighier portion of szaid light vacuum
fractions and producing a treated, hydrocarbon stroam,

P} heating said treated hydrocsrbon stream for
producing a heated, treated, hydrocarbon strsams

c¢) fraotionating said heated, treated,
hydrocarbon ntream using a further atmoopheric fractionating
tower for producing further light atmespheric fractions and
Lurther atmospheric bottoms,

d) heating said further atmogpheric bottoms for
producing heated further atmospharic bottoms,

16
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al fractionating said huated, further
atmospheric bottoms using g further vacuun frattionating tower

for produclug further lighter vacuum fractions and [urthex
vaduum residue, and -

£} thenually cracking the heavior portion of
saild fuxther lighter wvacuum fracilons
8 A mathod acgording te claim 7 including
a) providing a hydrotreater for processing said
light atmospheric and the lighter portioen of asald 1ight wacuum
fractions snd producing a treated, hydrooarbon streams,
b} heatlng said treated hydrocerzbon stream fnr
vroducing a heated, trealed, hydrocarbon stream;
c) frectionatimy said heated, tra, hydrocarbon
stream using & further atmospheric fractionating towar for

producing further Light atmospheric fractliona and further
atmospheric bottoms,

d) heating gaid further stmospheric bottoms
producing heated [further atmospheric bottoms,
e} fractionating sald heated, further
atmogpreric bottoms uaing a further vacuum fractioneting towe:r

for producing further lighter vacuum fractions and further
vacuum regiduer and

£) supplying the heaviur portlion or hydrogen
donur stream of said furthor lighter vecuum (ractions to said
thearmal cracker
10 Appmratus according to elaim 1 ancluding

A) u hydrotraater for proceasing the lighter
portion of saild lighL vacuum fractiong and producing e treatled,
hydrocarben atream

q] a further hueater for hedting satd treated,
hydrocarben stream for producing A heated, treated,; hydrocarbon
streanm,

h) a turthor atmospheric fractionating column
for produclug from gaid heated, treated, hydrovcarbon atream
further lighl atmospharic fractione and further artwospharic
bottoms;

c} a stil]l furcher hoater for hasating said
further atmoapharic¢ bottoms producing heated, turther
atmospheriq bottoms: and

d) a further vacuum fraciLionating oolumn for
producing further lighter vacuum fractiobs and further vacuum
residue such that the heavier portion of seld further light

vacuum fractions iz gupplied togethex with said deasphalted otl
to said thermal cracker

17
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ABSTRACT
Apparatun fur proceassing a heavy hydrocorbdn feed, in accordante
with the pzesent Invention, includes f£iratly a heater for
heating the hsavy hydrocarbon [esd The heatad, heavy
hydrooarbon fead produced is fed to «n atmospheric fractionating
tower for fractionating the heated heavy hydrocerbon feed fed to
Lhe inlet of the atmogpheric tractionating tower produclng light
etooapheric [rartions and atmospheric¢ bottoms In addition, the
apperatys includes u vacuunm fractionating towor for
fractionating heated almuapheric botroms heated by a further
heater and producing lighter vacuuw [ractiong and vacuum
residus Furthermore, the apperatus includex a8 solvent
deasphaleing (SDA) unit for producing deasphalted oil (DRO) and
asphaltenes from the vacuum residue a5 well as a thermal cracker
for thermally cracking the deasphalted oll and producing a
thermally crucked product which is rooyoled to the inlet of said
atmospheric fraclionating tower Morsover, the apparatus
inoludes a further thermal crucker for themally oracking the
lighter vacuum fractions for pruduring a further thezmally

cracked produgt that is recycled to naid almosphezic
fractionating tower

18
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A TODO AQUEL A QUIEN CONCIERNA LO PRESENTE

DEPARTAMENTO DE COMERCIO DE L.OS ESTADOS UNIDOS
Oficina de Patentes y Marcas de los Estados Unidos

20 de octubre de 2000

LA PRESENTE ES PARA CERTIFICAR QUE ADJUNTA A LA MISMA HAY
UNA COPIA FIEL DE LOS REGISTROS DE LA OFICINA DE PATENTES Y
MARCAS DE LOS ESTADOS UNIDOS DE LOS DOCUMENTOS DE LA
SOLICITUD DE PATEN1E IDENTIFICADA EN LO QUE SIGUE, QUE
CUMPLEN LOS REQUISITOS PARA OTORGARLE UNA FECHA DE
PRESENTACION BAJO 35 USC 111

NUMERO DE SOLICITUD 097431 159
FECHA DE PRESENTACION 01 de noviembre de 1999

Por la Autoridad del
COMISARIO DE PATENTES Y MARCAS

N WILLIAMS
Oficlal certificador




REIVINDICACIONES

Se reivindica lo sigulente

1 Un aparato para procesar un suministrc de hidrocarburo

pesado que comprende

a) un calentador para calentar el suministro de hidrocarburo
pesado,
b) una torre de fraccionamiento atmosférico para fraccionar

el suminigtro de hidrocarburo pesado calentado hacia la entrada
de la torre de fraccionamiento atmeosférico lo gque produce

fracciones atmosféricas,

c) otro calentador para calentar los residuos atmosféricos

y producir residuos atmosféricos calentados,

d) una torre de fraccionamiento alQEEE;;)para fraccionar los
residuos atmosféricos calentados y producir £fracciones por

vacio livianas y residuos por vacio,

e) una unidad de desasfaltado (SDA} para producir crudo

desasfaltado (DAO) y asfaltenos a partir del residuo por vacio,

£) una unidad de cracking térmica para producir térmicamente
el cracking del crudo desasfaltado y producir un producto de
cracking térmico que se recicla hacia la entrada de la torre de

fraccionamiento atmosférico, y



g) otra unidad de cracking para producir térmicamente el
cracking de las fracciones por vacio livianas para producir
otro producto de cracking térmico gue se recicla hacia la

entrada de la torre de fraccionamiento atmesférico

2 El aparato de acuerdo con la reivindicaciédn 1 que 1incluye
medios para suministrar solamente la porcidén pesada de las
fracciones por vacio livianas a la otra unidad de cracking

térmica

3 El aparato de acuerdo con la reivindicacidén 2 que 1incluye
un sistema donante de hidrégeno para procesar la porcidn mas
liviana de las fracciones por vacfo livianas y producir una
corriente donante de hidrégeno, el sistema donante de hidrégeno

incluyendo lo siguiente

a) un hadrotratador para producir un suministro de
hidrocarburo tratado a partir de la porcidén més liviana de las

fracciones por vacio livianas,

b) otro calentador para producir una corriente de

hidrocarbure tratado calentado,

c) otra torre de fraccionamiento atmosférico para fraccionar
la corriente de hidrocarburo tratado calentado para producair
otras fracciones atmosféricas livianas y otros reasiduos

atmoeféricos,
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d) un calentador adicicnal para calentar los otros residuos

atmosféricos y residuos atmosféricos calentados adicionales, y

e) otra torre de fraccionamiento por vacio para fraccionar
los residuos atmosféricos calentados adiciocnales y producir
otras fracciones por vacio mds livianas y otros residuos por
vacio de manera tal que la porcifén mas pesada de las otras
fracciones por vacio mids liaivianas o© corriente donante de

hidrégeno se suministre a la unidad de cracking térmica

4 Un método para procesar hidrocarburos pesados que

comprende los sigulentes pasos

a) calentar el hidrocarburo pesado,

b) fraccionar el suministro de hidrocarburo pesado calentado
en una torre de fraccionamiento atmosférico para producar

fracciones atmosféricas livianas y residuos atmosféricos,

c) calentar los residuos atmosféricos para producir residuos

atmosféricos calentados,

d) fraccionar los residuos atmosféricos calentados en una
torre de fraccionamiento al vacio para producir fracciones por

vacio mas livianas y residuos por vacio,

e) desasfaltar por sgolvente el residuo por vacico en una
unidad de desasfaltado por solvente (SDA) para producir crudo

desasfaltado (DAO) y asfaltenos,
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£) someter térmicamente a cracking el crudo desasfaltado en
una unidad de cracking térmica para producir un producto de
cracking térmico que se recicla hacia la entrada de la torre de

fraccionamiento atmosférico, y

g) someter térmicamente a cracking las fracciones por vacio
mads livianas para producir otro productoc de cracking térmico

que se recicla hacia la torre de fraccionamiento atmosférico

5 Un método de acuerdo con la reivaindicacidn 4 gque
proporciona otra wunidad de cracking térmica separada para
someter térmicamente a cracking a las fracciones por vacio mis

livianas

6 Un método de acuerdo con la reivindicaciédn 5 gque incluye
proporcicnar medios para suministrar solamente 1la porcidn
pesada de las fracciones por vacio livianas a la otra unidad de

cracking térmica

7 Un método de acuerdo con la reivindicacidn 4 en donde las
fracciones por vacio mids livianas se someten térmicamente a
cracking en la misma unidad de cracking térmico en la gue se

somete a cracking térmico al crudo desasfaltado

8 Un método de acuerdo con la reivindicacidn 4 que incluye

lo siguiente



a) proporcionar un hidrotratador para procesar la porcaidn
atmosférica liviana y la porcidn méds liviana de las fracciones
por vacio 1livianas y preoducir una corriente de hidrocarburo

tratado,

b) calentar la corriente de hidrocarburo tratado para

producir una corriente de hidrocarburo tratada calentada

c) fraccionar la corriente de hidrocarburc tratada calentada
utilizando otra torre de fraccionamiento atmosférica para
producir otras fracciones atmosféricas livianas y otros

residuos atmosféricos,

d) calentar los otros residuos atmosféricos para producar

residucs atmosféricos calentados adicionales,

e) fraccionar los reaiduos atmosféricos calentados
adicionales utilizando otra torre fraccionadora por vacio para
producir otras fracciones por vacioc mids livianas y otros

residuos por vacio, y

f) someter térmicamente a cracking la porcién mas pesada de

las fracciones por vacio mas livianas adicionales

9 Un método de acuerdo con la reivaindicacién 7 que incluye

lo Biguiente

a) proporcionar un hidrotratador para procesar la porcidn

atmosférica liviana y la porcién mids liviana de las fracciones



por vacio livianas y producir una corriente de hidrocarburo

tratada

b) calentar la corriente de hidrocarburo tratada para

producir una corriente de hidrocarburo tratada calentada,

c) fraccionar la corriente de hidrocarburoc tratada calentada
utilizando otra torre de fraccionamiento atmosférico para
producir fracciones atmosféricas livianas adicionales y otros

resirduocg atmosféricos,

d) calentar los 1residuos atmosféricos adicionales que

producen otros residuos atmosféricos calentados

e) fraccionar los otros residuos atmosféricos calentados
utilizando otra torre de fraccicnamiento por vacio para
producir otras fracciones por vacio mids livianas y otros

residuos por vacio, y

£) suministrar la porcién mids pesada o corriente donante de
hidré6geno de las otras fracciones por vacio mds livianas a la

unidad de cracking térmica

10 El aparato de acuerdo con la reivindicacidén 1 que incluye

lo siguiente

a) un haidrotratador para procesar la porcién mas liviana de
las fracciones por vacio livianas y producir una corriente de

hidrocarburc tratada
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q) otro calentador para calentar la corriente de
hidrocarburo tratada para producar una corriente de

hidrocarburc tratada calentada

b) otra columna de fraccionamiento atmosférico para producir
a partir de la corriente de hidrocarburo tratada calentada
otras fracciones atmosféricas 1livianas y otros residuos

atmogféricos,

c) otrc calentador para calentar otros residuos atmosféricos

que producen residuos atmosféricos calentados, y

d) otra columna de fraccionamiento por vacio para producir
otras fracciones por vacio mads livianas y otros residuos por
vacio de manera tal que la porcidn mas pesada de las otras
fracciones por vacio livianas se suministre junto con el crudo

desasfaltado a la unidad de cracking térmico
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