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Como resultado de! examen de fondo, realizado con fundamento en el articulo 45
de la Decision 486 de la Comision de [a Comunidad Andina se le comunica

1) Documentos estudiados

a) Para el presente estudio se tendran en cuenta el capitulo descriptivo
comprendido en los folios 2 a 22 de la solicitud en estudio

b) Para el presente estudio se tendran en cuenta los dibujos comprendidos
en los folios 107 a 116 de la solicitud en estudio

c) Para el presente estudio se tendra en cuenta el capitulo reivindicatono que
comprende 10 reivindicaciones en los folios 23 a 27 de la solicitud en
estudio

d) Conforme lo establece los articulos 9, 10 y 11 de la decision 486 de la
Comision de la Comunidad Andina, la presente solicitud en estudio fue
presentada el 1 de noviembre de 2000, y en el momento de la radicacion
Sl se reclamo pnondad de la pnmera solicitud presentada en Estados
Unidos US 09/431159

2) Objeto de la invencion

a) Las rewvindicaciones 1 a 10 de la solicitud en estudio se refieren a

1) Un aparato para procesar un suministro de hidrocarburo pesado que
comprende a) un calentador para calentar el suministro de
hidrocarburo pesado, b) una torre de fraccionamiento atmosfénco para
fraccionar el suministro de hidrocarburo pesado calentado hacia la
entrada de la torre de fraccionamiento atmosfénco lo que produce
fracciones atmosfencas livianas y residuos atmosfericos c¢) otro
calentador para calentar los residuos atmosfencos y producir residuos
atmosfencos calentados, d) una torre de fraccionamiento atmosferico
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para fraccionar los residuos atmosféncos 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 de! residuo por vacio, f} una unidad de cracking termica para
producir termicamente el cracking del crudo desasfaltado y producir un
producto de cracking termico que se recicla hacia la entrada de la torre
de fraccionamiento atmosfenico y g) otra unidad de cracking para
producir térmicamente el cracking de las fracciones por vacio livianas
para producir otro producto de cracking térmico que se recicla hacia la
entrada de la torre de fraccionamiento atmosfenco

n) Un metodo para procesar hidrocarburos pesados

b) El anterior aparato y el antenor procedimiento

procesamiento de hidrocarburos

buscan mejorar el

c) Segun la Clasificacion internacional de Patentes, la codificacion para esta
sohcitud corresponde a C 10 G 55/00

3) Determinacion del Estado de la Tecnica

El articulo 16 de la Decision 486 de la Comision establece

“El estado de la tecnica comprenderd todo lo que haya sido
accesible al publico por una descripcion escrita u oral, utilizacion,
comercializacion o cualquier otro medio antes de la fecha de
presentacion de la solicitud de patente o, en su caso, de la prioridad
reconocida ”

"Solo para el efecto de la determinacion de la novedad, tambien se
consideraréd dentro del estado de la técnica, el contenido de una
solicitud de patente en tramite ante la oficina nacional compeltente
cuya fecha de presentacién o de prionidad fuese anterior a la facha
de presentacion o de prioridad de la solicitud de patente que se
estuviese examinando, siempre que dicho contenido este incluido
en la solicitud de fecha anterior cuando ella se publique o hubiese
transcurnido el plazo previsto en el articulo 40

Consultadas las bases de datos vy los archivos con que cuenta la entidad,
especialmente bajo las clasificaciones € 10 G 55/00 y las mas cercanas a ellas
se encontro que antes del 1 de noviembre de 1999 (fecha para determinar el
estado de la tecnica) habian sido publicados los documentos que se enumeran
en la siguiente tabla los cuales se relacionan con aparatos y métodos para
procesar hidrocarburos

De acuerdo con o establecido en el articulo 16 se determino el estado de la
tecnica y se encontro el siguiente antecedente

N° | Documento Titulo P’;zﬁg: ge n
D1| EP 0673 989 Process For ;I;zrt;%r;\:g{rjsr:oglof a residual 1995 09 27
D2 | us 4087354 Integrated heat e):fa':;r:lgn? on crude oil and 1978 05 02
D3 | US 4039429 Process for hydrocarbon conversion 1977 08 02
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4) Evaluacion de los requisitos de patentabilidad

El articulo 14 de la Decision 486 de la Comision de la Comunidad Andina
establece

“Los Paises Miembros otorgaran patentes para las invenciones,
sean de producto o procedimento, en todos los campos de la
tecnologia, siempre que sean nuevas tengan nivel inventivo y sean
susceptibles de aplcacion industrial’

En cumplmiento con este articulo, se procedio a evaluar los requisitos de
novedad, nivel inventivo y aplicacion industnal con el fin de establecer la
patentabiidad de la invencion reivindicada en la solicitud en estudio

a) Evaluacion del Nivel Inventivo

El art 18 de la Decision 486 de la Comision de la Comunidad Andina
establece

“Se considerara que una invencion tiene mivel inventivo, si para
una persona del oficio normalmente versada en el arte en la materia
tecnica correspondiente, esa invencion no hubiese resultado obvia
m se hubiese derivado de manera evidente del estado de la
técnica”

El documento D1 relaciona un proceso para procesar hidrocarburos
pesados que contiene practicamente todos los elementos de la actual
solicitud Difieren la solicitud actual y D1 en que D1 no incorpora
calentadores ¢ calentamiento alguno es sugendo Sin embargo, no es
claro como el calentamiento puede marcar una diferencia tan
significativa para el proceso Es mas Dichos calentadores ya se han
empleado en este tipo de procesos como lo muestra el documento D2
Podnia concluirse que el aparato y el metodo reivindicado corresponden
a unas formas particulares de lo encontrado en el estado de la tecnica y
que por ende no existina nivel inventivo De la misma forma d3 también
sugiere el mismo proceso y el mismo aparato

b) Resumen

En conclusion los requisitos de patentabilidad de la presente solicitud se
podrian ver afectados asi

N° | Documento | Reivindicaciones afectadas Requisito que afecta
D1 | EP 0673989 1210 Nivel inventivo
D2 | US 4087354 1210 Nivel inventivo
D3 | US 4039429 1a10 Nivel inventivo

5) Notificacion

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la
Comumdad Andina, se le iIndica que dentro del termino de sesenta dias contados
a partir de la fecha de la notificacion de la presente comunicacion debe responder
a la notificacibn En caso de no dar respuesta a! presente requenmiento, o si a
pesar de la respuesta subsistieran los impedimentos para la concesion se
denegara la patente
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Notifiquese el presente oficio conforme a lo dispuesto por el numeral 5 2, literal e)
del capitulo quinto de! titulo pnmero de la Circular Unica N° 10 de 2001

ALIX CARMENZA CESPEDES DE VERGEL

Jefe 701'1 de Nuevas Creaciones

El anterior requenmiento fue notificado por fijacion en la hsta, de fecha

JJ ASC 2095
Concepto Técnico N° EXAMINADOR TECNICO EXAMINADOR JURIDICO
Codigo No Cédigo No

1116 202003
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& Process for the conversion of a residual hydrocarbon ol

@ Process for the conversion of a residual hydrocarbon oil basically comprising the steps of
(a) deasphalting the residual hydrocarbon oil to obtain a deasphalted oif (DAO) at a yield of at least 50% by
weight based on total weight of residual hydrocarbon ol and an asphaltense fracton and
{b) passing part or all of the DAO through a thermal cracking zone so that a 520 C+ convarsion of at least
60% by weight based on the tota! weight of matenal baling above 520 C present in the DAC before thermal

cracking 1S obtained
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The present invention relates to a process for the conversion of a residual hydrocarbon oil
Thermat cracking 1s a widely and commonly applied route for converting residual hydrocarbon ails into
lighter products It usually involves preheating the feedstock to the appropriate temperature thermally
cracking the preheated feedstock and fractionating the effluent winch often i1s quenched pnor to fractiona
tion i order to stop the cracking reactions Fractionatron may for instance be conducted by atmosphenc
distillation solely or by a combination of atmospheric and vacuum distillation
One of the undesired phenomena occurnng in therma! cracking of residual ol feedstocks at high
conversion levals 15 the formation of insoluble matenal imiting the production of distillates This formation of
Insoluble matenal mainly onginates from heavy asphaltenic components and to some extent from larger
aromatic components present in the feedstocks Additonaily msoluble material 15 produced from synthetic
asphaltenes formed in condensation reactons occurring in the thermal cracking process Particularly at
severe cracking conditions formation of insoluble matenal 13 known to occur However thermal cracking Is
a relatvely simple process requiring a relatively low capital investment and having relatvely low operating
costs This makes thermal cracking an attractrve opton from both a manufactunng and an economic pomt
of view For this reason there 18 a continuous effort for further improving the efficiency of thermal cracking
In the past several methods have been proposed for achieving this goal
In NL A 8400074 for instance a process for producing hydrocarbon mixtures from an ol residue 18
disclosed wherein the oil residue 15 first deasphalted after which the deasphalted oil 15 subjected to a
cracking process eventually producing one or more distllate fractons The asphalic bitumen fraction 15
partially oxidised using oxygen to produce a gasmixture contetring carbon monoxide and hydrogen which
gasmixture 1s subsaquently used in a catalyhic hydrocarbon synthesls to produce synthetic hydrocarbons
These synthetic hydrocarbons are then mixed suitably after having been separated by atmospheric
distillahon with at least a part of the said distillate fractions produced in the cracking of the deasphalied oil
The cracking process 1o which the deasphalted ol 1s subjected most surtably 18 a catelytic ¢racking
process because the quality of the Iight naphtha produced by catalytic cracking is stated to be excellent A
ight naphtha produced by thermal cracking on the other hand has to be subjected to an additional
hydrogenation step for convertng dienes into olefins in order to obtain a ight naphtha having the desired
quality
in EP A-0 372 652 as a disadvantage of the type of process according to NL A 8400074 1s mentioned
that the asphaltenss removed from the residual oil in the deasphathng step can no longer contnbute to the
production of distillates and the yeld of dishltates 13 consequently not opttmal Accordingly the procass
disclosed in EP A-0372 652 for converting a heavy hydrocarbonaceous feedstock such as the vacuum
residue of a crude ol Into lighter products involves first preheatng the heavy feedstock after which the
preheated feadstock 1s passed through a thermal cracking zone under such conditions that a conversion of
at least 35% by weight, suitably up to 70% by weight of hydrocarbons having a boiling point of 520 C or
higher s accomplished The effluent from the cracking zone 15 subsequently separated into one or more
distlfate frachons to be recovered as products- and a residuel fraction which s deasphatied to obtam an
asphalt and a deasphalied ol This deasphatted oif can be further treated eg by catalylic cracking
hydrotreatment hydrocracking or thermal cracking thus yelding more useful distillate fractons Basically
the process disclosed involves thermat cracking under relatively severe conditions followed by deasphalting
of the residual frachon However this process 15 again confronted with the tact that the asphaltenes present
in the feadstock for thermal cracking hmit the final yield of distillate fractions due to the formation of
insoluble and/or coke matenal despite the relatively severe cracking conditons Addibonally the deasphal
tad ol fraction obtained from the deasphalting treatment of the thermally cracked residual od fraction stil
needs further upgrading m addibonal conversion process units in order to attain conversion into useful
distillate products
Hence there 1s stll room for mproverent of the efficiency of a conversion process involving thermal
cracking of residual hydrocarbon oils 1t 1s therefore an object of the present invention to provide a procaess
for converiing a residual hydrocarbon oil into ghter products of excellent quality at a high efficiency both
costwmse and yieldwise Regarding the cost-efficiency it 1s an object to use as httle equipment as possible
without affechng the product yield and the quality of the final products Of course the process should also
meet the appropnate safety and environmental requirements It 1s a turther object of the present invention fo
provide a process which can be suitably integrated in various refinery configurations such as e g a thermal
cracker refinery a catalytic cracker refinery a hydrocracker refinery or a refinery which 1s a combinatton of
two or more of the befora mentioned refinery configurations
Accordingly the present invention relates to a process for the conversion of a residual hydrocarbon ail
comprising the steps of
(a) deasphalting the residual hydrocarbon oil to obtain

127
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(1) a deasphalted oil {DAO) at a yield of at least 50% by weight preferably from 60 to 90% by weight
more preferably from 65 to 85% by weight based on total weight of residual hydrocarbon ol and
(n) an asphaltene fraction and
(b) passing part or all of the DAQ through a thermal cracking zone so that a 520 C+ conversion of at
Isast 60% by weight preferabiy frorm 70 to B0% by weight based on the total weight of matenial boiling
above 520 C present (n the DAO before thermal craciung 15 obtained
The process of the present invention thus basically involves severe thermal cracking of a deasphalted oil
obtained at high yield from & residual hydrocarbon ol
With the expression 520 C+ conversion as used throughout this specification 15 meant the
conversion of the hydrocarbons having a boiing point of 520 € and higher present in the thermal cracking
feedsiock The 520 C+ conversion is conveniently expressed in a weight percentage based on thermal
cracking feedstock 18 DAQ and 1s determined as follows

520 °C+ conversion = 520 “C+ in feed - 520 "C+ in effluent * 100%
520 °C+ in feed

it will be ewdent that 520 C+ refers to the amount of hydrocarbons having a boilng point of 520 C or
higher

An immediate advantage of the process according to the present invention Is the fact that the formation
of insoluble matenal during thermal cracking s greatly reduced due to the removal of the heavier
asphattenes from the residual hydrocarbon oill prior to thermal cracking by the deasphalting freatment As a
result the maximum achievable conversion laval 1s now primanly determined by the praduction of synthetic
asphaltenic components formed in condensation reactions occurring dunng thermal crackng instead of by
the asphaltenic components present in the residual hydrocarbon ol prior to deasphalting Tris imphes that
higher conversion levels with higher distllate produchons can be achieved according to the process of the
present invenhon than i1s the case with severe thermal cracking of residual oils without prior deasphating
this residual ol

Another advantage of the process according to the present invention 15 that the quality of the distilate
fractions from the thermal cracling zone 15 very good the distllate fractions have an excellent H/C rato and
a low content of sulphur and nitrogen contalning contaminants Such contaminants which are present in
the residual hydrocarbon ol feedstock were found to mamly concentrate in the asphalt phase produced in
the deasphalting treatment rather than in the DAQ Therefore the sad contaminants concentrated in the
asphalt phase can no longer end up in the distllate frachons produced in the themmnal cracking of the DAO

Furthermore the process has an excellent synergy potential when included in a thermal cracker
refinery a hydrocracker refinery or a catalytic cracker refinary while incorporation in a refinery which 1s a
combination of two or more of such refinery configurations may offer an even higher synergy potential For
the ndividual refinery configurations this will be discussed and illustrated in greater detail below by figures
2 3and 4

The residual hydrocarbon ol used as the feedstock for the process of the present invention in pnnciple
may be any residual frachon resuling from a frachonation freatment Consequently the residual hydrocar
bon ol in any event has a relatively high content of asphaltenes Preferably the residuel hydrocarbon oil 1s
a heavy asphaltenes-containing hydrocarbonaceous feedstock compnising at least 35% by weight prefer
ably at least 75% by weight and more preferably at least 90% by weight of hydrocarbons having a bolling
point of 520 C or higher A partcularly suttable hydrocarbonaceous feedstock meeting this requirement (s
a vacuum residue of a crude ol also commonly referred to as a short residue

The deasphalting of the residual hydrocarbon oil prior to thermal cracking may bs carned out n any
conventional manner such as by physical separaton using membranes or by adsorption techniques
However for the purpose of the present nvention it 1s profarred to use the waell known solvent deasphalting
method In this method the residual hydrocarbon ol to be deasphalted 1s treated countercurrently with an
extractng madsm which 1s usually a hight hydrocarbon solvent containing paraffinic compounds Commonly
apphed parafinic compounds include C; s parathric hydrocarbons suitably Ca Gs paraffinie hydrocarbons
such as propane butane i1sobutane pentane Isopentane or mixtures of two or more of thase For the
purpose of the present invention however 1t 1s preferred that butane pentane or a mixiure thersof 1s used
as the extracung solvent wheroby the use of pentana 13 most preferred In general the extracton depth
ncreases at increasing number of carbon atoms of the extractng solvent In this connection it 13 noted that
at increasing extrachon depth the total amount of heavy hydrocarbons being exiracted together with the

y@
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hghter hydrocarbons from the rasidual hydrocarbon ol increases as well while the asphaltene fraction 18
smaller but heavier and hence mora wiscous Accordingly the extraction depth cannot be taa high as this
would result i a very viscous very heavy asphaltene raction which can hardly be processed any further

In the solvent deasphelting process a rofating disc contactor or a plate column ¢an be used with the
rasidual hydrocarbon ol entenng at the top and the exiracting solvent entenng at the bottom The lighter
hydrocarbons with an overall paraffimc solvency behaviour present in the rasidual hydrocarbon oil dissolve
in the extracting solvent and are withdrawn at the top of the apparatus The asphaltenic components which
are insoluble In the extracting solvent are withdrawn at the bottom of the apparatus The conditions under
which deasphalting takes place are known n the art Suitably deasphaling 1s carned out at a total
oxtracting solvent to residual hydrocarbon ail rabo of 15 to B wi/wt a pressure of from 1 to 50 bar and a
temperature of from 40 fo 230 C As already descnbed herenbefore for the purpose of the present
inventon the deasphalting of the residual hydrocarbon o1l 1s carned out such that a DAQ 1g obtained at an
extraction depth of at feast 50% by weight preferably from 60 to 80% by weight more preferably 65 to
85% by weight the balance up to 100% by weight being formed by the asphalt fraction The exprassion

extraction depth™ indicates the yield of DAO after deasphaling by soivent extraction and 13 expressed in a

weight percantage based on total weight of the imial residual hydrocarbon il prior to deasphalting

The thermal cracking of the DAO m accordance with the present wvenhon can be carried out by the
conventional thermal cracking processes The exact conditions under which the thermal cracking 1s carned
out can be varied and the person skilled in the art will be able to select the temperature the pressure and
the residence tme n such way that the desired conversion occurs it will be understood that the same
conversion can be obtained at a high temperature and a short residence tme on the one hand and a lower
temperature but longer residence tme on the other hand In order to achieve a 520 C+ conversion of at
loast 60% wt on DAO as s required In accordance with the present invention the thermal cracking of the
deasphalted oil in the thermal cracking zone 13 suitably conducted at a temperature of from 350 to 600 C
a pressura of from 1 to 100 bar and average residence tme of from 0 5 to 80 minutes This residence time
relates to the cold feedstock 1e the cold ol feedstock at ambient temperature

The effluent from the thermal cracking zone may be quenched pnor o its separation into ane or more
distillate fractions and a cracked residual fraction Quenching may for instance be effected by contacting the
effluent with a colder quench flud Suitable quench fluds mclude relatively light hydrocarbon oils such as
gasoline or a recycled cool residual fraction obtaned from the effiuent. After the optional quench the
effluent 1s suitably fractionated into one or more distillate frachons and a cracked residual fraction for
nstance by atmasphenc and/or vacuum distllehon This cracked residual fraction is rather viscous due to
the presence of heavy asphaltenic components but 19 considerably less wiscous than the heavy asphall
phase separated from the residual hydrocarbon oil in the deasphaltng step

It s also an aspect of the present mvention that the said cracked residual fracton 15 n part or in total
recycled {o the residual oil feedstock andfor to the DAC n order to maximise the use of plant capacity and
to optrmise the distillate production

In another espect of the present inventon the cracked residual fraction 15 blended with the more
viscous asphalt frachon from the deasphalbng treatment and the resulung blendstream 18 subsequently
subjected o partral oxidation (gasificahon) Tha blending ratio should be adjusted such that the viscosity of
the blendstream meets the wiscosity specification of the gasfication equipment The production of a
cracked residue which 1s avatlable as diluant for the more wiscous asphalt fraction in the gasiher feedstack
offers the possibiity to produce an asphalt in the deasphaling treatment with a wviscosity exceeding the
gasiher feedstock wiscosity specificabon This mmplies that a DAQ can be produced at higher yield on
rasidual hydrocarbon oil feed and consequently the final producton of disbllates in the thermal cracking
step 18 higher

Gasification 15 sutably carned out using any well known partal oxidation process wheren a heavy
hydrocarbonaceous feedstock 1s partially cwidised using oxygen in the presence of steam usually high
pressure steam thus resulbng in clean gas after gas treatment This clean gas m return can be applied as
clean fuel gas in the refinery or for cogeneration of power and steam hydrogen manufacture and
hydrocarbon synthesis processes

Figura 1 depicts a typical iine up of the process of the present invention

Figure 2 depicts a ine up of a thermal cracking refinery

Figure 3 depicts a line up of a catalytic cracker refinery

Figure 4 depicts a hne up of a hydrocracker refinery

According to figure 1 residual hydrocarbon ol (108} preferably a short residus 1s passed into
deasphalling zone (101) resultng in a DAO (107) and an asphall fraction (119) which is further raferred to
as pertane asphalt”™ The DAO (107) is led nto thermal cracking zone {102) where it 1S heated and whers

7
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the cracking reactons take place The reaction zone (102) may suitably consist of a furnace alons or of a
combinaton of a furnace pius one or mora soaker vessals Upon lsaving the reaction zone (102) the
cracked DAO™ (108) 1s passed into cyclona (103) where it 1s quenched and separated i a cracked
residue fraction (110) and & hghter frachon (109) This highter fraction (109) 18 separated n atmosphanc
fractionator (104) into a naphtha minus fraction (111) kerosine frachon (112) gasol fraction {113) and
bottom fraction (114) This bottom fracton (114) s blended with the beforementoned cracked residue
fraction (110) and the resulting blend stream is fad into vacuum distillation unit {(105) where fractionation
takes place into a vacuum gas ol fraction {(115) a light flashed distillate (118) a heavy flashed distillate
(117) and a vacuum flashad cracked residue (118) The flashed distillates (116) and {117) can be recovered
as a product component or can be further upgraded e g by further thermal cracking by hydrocracking or
by catalytic cracking optionally followed by hydrotreatment As already mentioned before the cracked
residue (118) may be parhally or totally recycled 10 residual hydrocarbon oil feed (108) and/or to DAQO (107)
m order to maxmise the use of plant capacty and to opbmise distillate producton These oplions are
reflected by the dotted hnes in figure 1

In figure 2 crude oil {211) 18 passed into atmospheric disbllaton unit (201) and separated mto one or
more distllate fractions (212) covering all fractions ranging from naphtha minus {o heavy gasoil and long
residue (213) This long residue (213) 18 furthar separated n (high) vacuum distiltation unit {202} in vacuum
gasoil (214) hght flashed distllate (215) heavy flashed distilate (216) and short residue (217) Flashed
distllates (215) and (216) are combined and passed into distilate cracking unit (207) Short residue (217) I1s
deasphalted in deasphalting zone (203) resulting in DAD {219) and pentane-asphalt (218) DAO (218) 15
subsequently subjected to savere tharmal cracking (TC) In TC-zone (206) producing after saparation
{distillabon}- distillate fractons (220) which are passed into distifate cracking unit (207) and bottorn product
(221) which i3 subsequently passed ito vacuum flashing unit (208) together with the bottom product (222)
produced in the distiflate cracking umit (207) In this vacuum flashing unit (208) separation into thermally
cracked flashed distllates (223) and vacuum flashed cracked residue (224) takes place The thermally
cracked flashed distllate frachon (223) Is routed to distillate cracking unit (207) and the vacuum flashed
cracked residue (224) 15 added as a diluent to the pentane-asphalt (218) so that the resulting blendstream
meets the viscostty specification of gasification unit {204) In the distllate cracking unit (207) thers are
turther produced naphtha minus fraction {225) and gasail fraction {228) which after hydrodesulphurizabon
in hydrodesulphunzation unit (209)- 15 recovered as valuable automotive gasoll and industmal gasoil
components (227} Gasification of the before mentioned blendstream (218/224) takes place by passing this
blendstream as well as oxygen (228) and steam (229) nto gasification unit (204) where partial oxdaton of
the heavy hydrocarbons present in the said blendstream takes place fo produce a gas mixture (230) mamly
consisting of carbon monomade and hydrogen which mixture 1s subsequently purified in gas treatment umit
(205) The punfied gas (231) can be parbally or totally recovered as clean fuel gas in the refinery or can be
apphed for the cogeneration of power and steam hydrogen manufacture and/or hydrocarbon synthesls
processes

Compared with a thermal conversion refinery wherein the short residue 1s thermally cracked without
prior deasphaling the thermal conversion refinery according to figure 2 produces more disbliates and leas
vacuum flashed cracked residue When deasphalting the short residue at a high extraction depth by using
pentane as the extractng solvent the producton of pentane-asphalt 18 also relatively low The low
production of both vacuum flashed cracked reside and pentane-asphalt means that less gasrfication
capacity 18 requred than with straight sevare thermal cracking of short residues which 1s atiractive from
both rafinery margin and capital investment pamnt of view

In the catalytic cracker refinery according to figure 3 a crude oil (310) 1s separated in atmosphenc
distillation unit (301) into one or more dishllate fractions (311) covenng all fractons ranging from naphtha
minus to heavy gasoll and long residue {312) which 1s further separated in (high) vacuum distillation unit
{302} into vacuum gasoil (313) light flashed dhstitlate (314) heavy flashed distillate (315) and short residue
(316) Short residue (316) ts then deasphalted in deasphaltrng unit {303) resulting In pentane-asphait (317}
and DAO (318) which 15 passed to TC zone (306) where thermal cracking reactions occur producing (after
separation) naphtha minus (319) pasoil fraction (320) and bottomn product (321) Bottom product (321) s
soparated in vacuum flashing umit (307} into thermally cracked flashed distillate frachon (322) and vacuum
flashed cracked residue fraction (323) Thermally cracked flashed distllate frachon (322) and hght and
heavy flashed dishllates (314) and (315) are passed into catalytic cracking zone (308) where tops (324)
naphtha (325) kercsine (328) hght cycle ol (327) and heavy cycle oiiclanfied slurry oil (328) are produced
The hght cycle oil (327} and gasoil fraction (320) are both passed through hydrodesulphunzation unit (308)
resuling In valuable automotive and indusinal gasoil components (329) Heavy cycle oil/clanfied slurry oil
{328) pentane asphalt {317) and vacuum flashed cracked residue fraction (323) are biended so that the

&
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resulting blendstream meets the viscosity specificaton of gasifier (304) The blendstrearm oxygen (330} and
steam (331) are passed into the gasifier (304) where the heavy hydrocarbons are partally cxidised to
produce a gas mixture (332) mainly consisting of carbon monoxide and hydrogen which gas mixture Is
subsequently punfied m gas treaiment unit (305) The punfied gas (333) can be partiaily or totally recoverad
as clean fuel gas in the refinery or can be applied for the cogeneration of power and steam hydrogen
manufacture and/or hydrocarbon synthesis processas

Compared with a long residue flurd catalytic cracker (LRFCC) refinery a refinery with a flashed distllate
flud catalytic cracker {FDFCC) and severe thermal cracking of DAQ as illustrated by figure 3- has the
advantage that no catalyst cooling capacity I1s required on the FDFCC which means a significant cost
saving Additionally contrary to an LRFCC refinery metals present in the crude oil no longer end up on the
FCC catalyst in the FDFCC refinery thus reducing costs for FCC catalyst replacement and spent catalyst
disposat or rejuvenaton Another advantage 15 the fact that SOx emissions are strongly reduced in the
FOFCC refinery since the maior part of the suiphur present in the long residue ends up in the pentane
asphalt after deasphaltng Suiphur removal in this case takes place in the gasifier gas treating step after
parhal oxidation of the gasifier feedstock mixture

In the line up of the complex hydrocracker refinery according to figure 4 ali reference numbers (401) to
(433) have the same meaning as the comesponding reference numbwers (201) to (233) in higure 2 The line
up according to figure 4 only differs from that according to figure 2 in that flashed distillates (415) and
(418) are passed mto hydrocracking zone (434) instead of being passed into distiliate cracking unit (407) as
Is the case in figure 2 where flashed distillates (215) and (216) are passed mto distillate cracking unit (207)
In this hydrocracking zone (434) the flashed distllates (415) and (416) are upgraded 1e cracked and
hydrotreated into tops (435) naphtha (436) kerosine (437) gasoi (438) and hydrowax (439} This hydrowax
(439) can suitably be used as a feedstock for a chemical complex e g for producing lower olefing It 1s atso
noted that the thermally cracked flashed distillate {(423) may also be partially or totally used as a feed for
the hydrocracking zone (434) instead of baing passed into distllate cracking zone (407)

Compared with a refinery with a hydrocracker unit (HCU) on a feedstock consisting of a mixture of
flashed distllates and DAO (FD/DAO HCU) the flashed distllate hydrocracker refinery with severe thermal
cracking of DAO (FD/HCU + DAO/TC refinery) according to figure 4 has the advantage that a smaller
hydraulic capacity of the expensive tigh pressure HCU 1s required and that due to the absence of the DAO
fead 1t can be operated at a lower combined feedrato which in retum rasults in a lower reactor volume and
hence lower capital investment and operating costs Moreover no expensive high pressure guard bed
roactor 1s required to protect the hydrocracker from metal contaminants and high Conradson Carbon
Resrdue matenal present in the DAQ feedstock Another imporiant advantage of the FD/HCU +DAQ/TC
refinery according to figure 4 i1s that due to the upgrading of the DAO wia savere thermal cracking the
optimum DAO yield on short residue 18 manly determuned by the blending of the pentane-asphalt with the
vacuum flashed cracked residue to meat the maximum viscosity specificaton of the gasifier feadstock This
optmum DAO yleld 1s higher than the optimum DAO yield on short residue in the case of the FD/DAOQ HCU
the latter being predominantly dstermined by the maxamum guard bed reactor Conradson Carbon Residue
specification Therefore with the HCU refinery including the severe thermal cracking of DAQ more DAQ 1s
avallabla for upgrading into valuable distllates rasutting »n a lower asphalt production a lower capacity
requirement for the gasifier unit and hence lower capital investment and operating costs

The invention 15 further illustrated by the following examples

Example 1

Arabian Heavy Short Residus (AHSR) was deasphalted using pentane as the extracting solvent yielding
70% by weight on AHSR of DAQ {(AHSR C5-DAQO) The extraction was camed out at a total solventfead
ratio of 20 {wi'wt) and a feedstock predilution of 0 5 (wt/wt) at 193 C and 40 bar pressure The AHSR C5
DAO was subsaguently subjected to severe thermal cracking at a pressurs of 50 bar and at outlet
temperatures of 470 480 490 and 500 C

Comparative Example 1

The same AHSR as used in Example 1 was subjacted to thermal cracking at a pressure of 50 bar
Qutlet temperatures were 480 485 470 475and 481 C

The analyhcal data regarding AHSR C5-DAO and AHSR are listed in Table | The following abbrevia
tons are used %w means percent by weight and CSt means centisiokes
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The results of the tharmal cracking of AHSR C5 DAC and AHSR at the different outlet temperatures are
hsted in Tables Il and il respectively

10

15

TABLE |
Data regarding AHSR C5-DAQ and AHSR
AHSR C5-DAO AHSR

TBP/GLC
165 350 C (%w) 12 0
350 520 C (%w) 133 70
520 C+ {(%w) 855 830
Density 15/4 098 103
Viscosity at 100 C (CSY) 143 2351

at 150 C (CSt) 24 154
Sulphur (%w) 41 53
Carbon (%w) 844 840
Hydrogen (%w) 10 102
CS5 asphaltenes (%w) 19 189
C7 asphaltenss {%w) 01 123
Conradson Carbon {%w) 102 217
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TABLE Il

Thermal cracking of AHSR C5-DAO

Expenment No 1 2 3 4
Outlet temp { C) 470 | 480 | 400 | 500
Product distribution
Ca-(%w) 20 | 30 38 54
C5 165 C {%w) 48 77 103 | 1683
165 350 C (%w) 100 | 165 | 212 | 268
350 520 C (%w) 277 | 301 | B | 283
520 G+ (%w) 556 | 427 | 328 | 233
520 C+ conversion on AHSR C5-DAO (%w) 350 | 500 | 618 | 727
520 C+ converston on AHSR fead (%w) 245 | 350 | 431 | 509
Properties of 350 C + residual fraction
Density 15/4 101 101 103 | 104
Viscosity at100 C(Cst) 79 62 51 57
at150 C(CSY) 16 14 12 13
Sulphur (%w) 47 48 48 51
Carbon (%w) 844 | B46 | 847 | 849
Hydrogen (%w) 103 | 100 | 97 92
CS5 asphaltenes {(%w) 48 a2 139 | 203
C7 asphaltenes (%w) 27 43 81 157
Conradson Carbon {%w) 114 | 131 | 153 | 184
Ingolubles (%w) 001 | 001 | 001 | 0O3
520 C+ content (%w) 655 | 580 | 470 | 414
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TABLE

Thermal cracking of AHSR

Expenment No 1 2 3 4 5
Outlet temp { C) 460 4@5 470 475 481
Product distnibution

C4 (%w) 21 26 at 20 37
C5 1685 C (%w) 37 51 61 67 75
165 350 C (%w) 20 127 157 165 184
350 520 C (%w) 215 | 222 | 227 | 224 | 228
520 C+ (%w) 838 | 574 | 524 | 517 | 408

520 C+ conversion on AHSR feed (%w) | 315 3|2 437 | 444 | 485
Properties of 350 C+ residual frachon

Density 15/4 105 106 101 107 108
Viscosity at100 C (CSt) 1390 | 1376 | 1754 | 1322 1754
at150 C (CSi) 109 108 127 108 127
Sulphur (%w) 550 | 560 560
Carbon (%w) 843 | B33 | B46 | B45 | B4ES
Hydrogen (%w) 97 94 82 81 90
CS asphaltenes (%w) 260 278 293 KN 315
C7 asphaltenes (%w) 213 229 250 253 251
Conradson Carbon (%w) 204 | 282 | 284 | 285 298
Insolubles {3ew) 013 | 052 | 039 | 054 | 048
520 C+ content (%w) 739 | 702 | 675 | 677 | 683

At an Insolubles content exceeding about 05 %w the thermai cracking pllot plant was found to block
due to deposttion of insoluble matenal As a result further cracking at higher conversion levels was not
feasible Using the DAO-TC route according to exampls 1 on the other hand resuited in a 350 C+
residual frachion having an insolubles content of only 003 %w &t an outlet temperature as high as 500 C
thus stil having potental for further cracking &t hugher conversion levels without blocking of the pilot plant
due to the deposition of insoluble matenal In additon hereto it 1s also evident from companng the 520

C+ conversion levels relative to the AHSR feed given in tables Il and )l that the process according to the
presant invention as illustrated by example 1 allows a higher conversion and hence a higher distillate vield
without blocking of the thermal cracking umt by insolubles formed

Claims

1 Process for the conversion of a residual hydrocarbon o1l compnsing the steps of
(a) deasphalbing the residual hydrocarbon o1l to obtain
{1} a deasphalted oif (DAQ} at a yield of at least 50% by waight preferably from 60 to 90% by
weight more preferably from 65 to B5% by weight, based on total weight of residual hydrocarbon
ol and
(n) an asphaltene fraction and
(b} passing part or all of the DAO through a thermal cracking zone so that a 520 C+ conversion of
at least 60% by weight preferably from 70 to 90% by weight based on the total weight of matenal
boiling above 520 G present in the DAO before thermal cracking 18 obtained

b
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A process according to clam 1 wherein the residual hydrocarbon ol 1s a heavy asphalthenes
containing hydrocarbonaceous fesdstock compnising at least 75% by weight of hydrocarbons having a
boiling point of 520 € or higher

A process according o clam 2 wheren the heavy asphalthenes containing hydrocarbonaceous
feedstock I1s a vacuum rasidue of a crude oll

A process according fo any one ol the preceding clams wherein the deasphating 15 carned out by
solvent extraction using butane pentane or a mixture thereol as the extracting solvent

A process according to clam 4 wherein pentane 1s used as the extracting soivent.

A process according to any one of the preceding clams wherein the deasphalting 1s carned out at a
total extracting solvent ¢ residual hydrocarbon ol rato of 15 o B wi/wt a pressure of from 1 1o 50 bar
and a temperature of from 160 t0 230 C

A process according to any one of the preceding claims wherein thermal cracking of the DAQ in the
thermal cracking zone 1s conducted at a temperature of from 350 to 800 C a pressure of from 1 to
100 bar and average residence time of from 0 5 to 80 minutes

A process according to any one of the preceding clams wherein the cracked residue finally obtained
from the thermal cracking zone I1s partally or totally recycled to the residual hydrocarbon ol feed for
the deasphatting treatment and/or to the DAO

A process according to any one of the preceding clams wheren at least a part of the cracked residue
finally obtained from the thermal cracking zone and the asphaltene fracton from the deasphalting
treatment are blended and the resulting blendstream Is subsequently subjected to gasification

A thermal conversion refinery wherein the process according to any one of clams 1 to 9 has been
integrated

A catalytlc cracker refinery wherein the process according to any one of clams 1 to 9 has been
integrated

A hydrocracker refinery wherain the process according to any one of clams 1 10 8 has been integrated

A refinery compnsing a combination two or more of the refinery configurations as claimed in claims 10
o 12

10
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571 ABSTRACT

The amomnt of heat mput required for the sequential
fractionation of a crude oil m a crude column and a
vacuum column 18 reduced by an mmproved heat ex
change method wherem the desalted crude o1l 18 flashed
and the flash zone hquud 18 spht into two streams. One of
the streams 1s first heat exchanged aganst an aimo-
spheric gas o1l stream from the crude column and then
agamst a first asphalt stream from the vacoum column
The other stream is first heat exchanged against a heavy
vacuum gas ol stream from the vacuum column and
ther aganst a second asphalt stream from the vacunm
column. The two streams are then recombmed heated
and passed mto the crude column

2 Clalms, 1 Drawing Figure
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INTEGRATED HEAT EXCHANGE ON CRUDE OIL
AND VACUUM COLUMNS

FIELD OF THE INVENTION

The mvention relates to a process for the separatzon
of mmeral oils by fractional distilletion It also relates to
the methods of heat exchange used to heat a crude ol
before it 19 mserted mto a crude o1l fraciionation col
umn It more specifically relates to an integrated heat
exchange system wherem the desalted crude o to be
charged to a crude column 15 heated mn part by heat
exchange agunst iqud streams removed from s vac-
uvum column Processes concerned with similar areas of
the art are found 1n Classes 208-353 and 208 354

PRIOR ART

The frachonation of crude ol 13 probably the single
most basic process used in the petroleum mdusiry
Those skilled m the art are therefore well informed as to
various epparatus designs and methods of operation for
crude o dustillation The crude ol 18 customanly
charged mto a crude ol column operated at a shight
poutive pressure to perform an imtial separation Due
to various hruis set on the operation of this column
such as operation below the temperature at which sig
mficant thermocracking begins to occur the bottoms
stream removed from suoch an atmaspheric crude
colomn contans a sigmficant emount of valuable gas
oils This bottoms stream is therefore often subjected to
further frachomation at a lower pressure and higher
temperature 1n a column referred to ns the vacuum
colomn

‘The basic principles of atmosphenc and vecnum dis-
ullation of crude o1ls may be reviewed by such standard
references es Petroleum Refinery Engineering, Nelson
4th Ed McGraw Hill Book Co New York 1958 A
more specific example of mtegrated crude and vacuum
cojumns m US Pat No 3201778 (Cl
208-355) 1ssued to J T Cabbage Thus refereace illus-
tretes several features which are employed m the sub-
Ject process and 1 most crude o fractonation opera-
tions These features wnclude the removal of hquid mde-
cuts including kerosene and diesel o1l from the crude
column These mdecuts are passed into mdividual side
cut stnppers m whach light ends are removed from the
sidecut iquud for return to the crude column A second
common feature shown 1n thus reference 19 the use of a
pump-around loop to provide intercooling for the crude
column In this system a stream of hot hiquid 18 removed
from & tray within the column and cooled by passage
through an indirect heat exchange means Typically ths
heat 15 transferred nto another iquud stream which it 1s
desired to heat, such as a portion of the crude o] The
cooled hiqud is then veturned to the column at some
pount which 15 1n relatively close vertical proxumity to
the point at which st w removed It 13 normally returned
about three or four trays above or below the draw-off
pomnt In one mode of operation the hot higuid udecut
stream 13 divided mto two portions one of wiuch m
passed nio a sdecut sinpper, while the other onc 18
passed nto an mntercooler heat exchanger and returned
to the column. Pump-ground loops are also normally
employed on the vacuum column The hquid sidecuts
from the vacuum column may also be passed into side-
cut stnippers  but ths 19 a less common situation

The energy mput required to vaponze the hquds
entering the crude und the vacuum columns has resulted
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in a contawng effort to maximuze the recovery of useful
heat from vanous streams i these two columns. US
Pat No. 3 819 511 (C] 208 353) ssued to A M Pejser
and M J DePasquale illustrates one method to reduce
the vtilibes cost of operating a crude column Aceord
ing to this method the raw crude 1s split mto two paral
lel streams which are each heated by exchange aganst
several streams desalted and then further heated by
exchanpe before being combined and passed into the
crude column [his illustrates that the prior art has
recogmzed the principle of sequentally exchanging
aganst successively hotter streams and that it may be
advantegecus to spht the ¢rude ol into two parallel
streams to provide a more effective or effictent heat
exchange system The reference 18 however himited to
atmospheric crude columns and does not mdicate how
the operation of the crude column may be beneficially
tntegrated with a8 vacuum column

US Pet. No 3 886,062 (Cl 208 354) alsc 1ssued to A
M Peser and M J DePasquale presents a three tower
pressure-to vacuum distillation system featuning an inte
grated hesat recovery system In this rather comphcated
system the raw crude oil stream 1s first heat exchanged
as an entity aganst three product streams and 13 then
divided mnto two portions, one of which 1s exchanged
a pump-sround loop while the other 18 exchanged
agminst another product stream The two portions are
then rennited and exchanged agamst two pump-around
loops and a fourth product stream before bemng passed
mto a desalter The resultant desalted crude w heat
cachanged agrnst a product stream and spht mte two
portions. One portion 15 heat exchanged against a pump-
around loop on the pressunized crude column and then
aganst the net residusl bottoms product stream of the
vacuum column another pump around loop, one of the
product streams and finally agmnst the total bottoms
stream removed from the vacuum column The other
portion of heated desalted crude 1 heat exchanged
agawnst four different pump around loops and then re
mixed wath the first portton This combmed stream 15
then exchanged against the alop from the vacuum col
umn and passed mto the pressunzed crude column This
reference differs 1n the use of three columns and m the
method of heat exchange wsed One example of this
difference 1 the falure of the reference to teach the
division of the vacuum column bottoms (asphalt) stream
into two portions, each of which w heat exchanged
sgainst a separate partion of the desalted crude.

Other references describing various facets of crude
od fractionation are US Pat Nos. 3 798 153 (C1 208
48AA) 3,296 121 (C1 208 350) 3 338 825 (C1 208 350)
and 3 320 159 (C! 208 363)

BRIEF SUMMARY OF THE INVENTION

The mvention provides a process for fractionahng
crude o1l uthizing both an atmosphenc crude column
and a vacuum crude column in which the net heat input
to perform the fractionation 158 reduced This process
compnses dividing & warm flash zone hiquid stream mnto
two portons, one of which 18 further henated by heat
exchange against s pump-around stream of atmosphenc
gas o1l and then agamst a portion of the total asphalt
stream removed from the bottom of the vacuum col
umn The other portion of flash zone hquid 18 heated by
mdrrect exchange against a stream of heavy vacuum gas
ol and then agamst the remaming portion of the total
sephalt stream
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DETAILED DESCRIPTION

In the fractionation of crude oils using both a crude
column and a vacuum column 1t 1$ necessary to vaponze
a very high percentage of the crude oil stream and a
sizable percentage of the crude column bottoms siream
This requires the expenditure of a Iarge amount of en
ergy The cost of operatmg these columns and of cb-
tarmng the resultant petroleum denved products may
therefore be lowered by performung the fractionation 1n
a more cnergy efficrent manner One of the basic ways
of recovenng energy and improving the energy effi-
ciency of a refining process s through expeditious heat
exchange It 1s the abjective of this invention to provide
a heat exchange method and a crude oil fractionation
process which are highly energy efficient

As used herein the terms crude column crude o1l
column or crude ol fractionation column are itended
to refer to » trayed fractional disbllation column having
means for the generation of reflux and for the vaponza-
tion of liquid removed from the bottom of the column
for use within the column which 1s operated at a super
atmosphenc pressure below about 40 png and to which
a crude o1l stream 18 charged The terms vacuum ©ol
umn or crude o1l vacnum column are mtended to wmdi
cate a trayed frachonation column to which the net
bottoms of a crude il column 1s charged and which 15
operated at a subatmosphenic pressure Unless other
wse specified all pressure indications refer to cond
tions at the top of the respective columns

In describing the subject process it 15 necessary to
refer to several mulucomponent streams of hydrocarbo-
naceous hquids taken as sidecuts or bottoms streams
from the columns, It 1s intended to adopt the customary
definitions of those skilled in the art and clasufy these
streams accordmg to the location at which they are
withdrawn from the respective fractionation column
The basic reason for this 18 that the boiling pomt ranges,
determined by the appropnate ASTM method will
vary depending on such factors as the crude 01 compo-
siton the capabiity of the column the nature of the
downstream processing umts and the raw materals
which 1t 18 desired to send to these umts In addition the
boiling point ranges of each stream may be affected by
changes m operating conditions such as reflux ratio,
pressure or temperature. The intended product slate
and product specificattons will also mfluence the boil
ing point ranges. Another possibility 1s that the columns
may be provided with an alternative draw-off powmt to
allow more flembility in operation It also 16 possible to
edjust the mital boling pomnt (IBP) and end bolwg
pomt (EBP) etc of many of the streams by the adjust
ment of the amount of mtercooling performed at van
ous pomts For mstance the end point of the naphtha
may be lowered Thus has the effect of lowering the IBP
of the kerosene sidecut stream and increasng its flow
rate Likewnse any change in the EBP of the kerosene
results 1n a corresponding change in the diesel fuel
make

As used heremn the term atmosphenc gas o1 (AGO)
refers to & stream removed near the bottom of the crude
ol column and which has the highest EBP of any
stresm removed from this column with the sole eacep-
tion of the bottoms stream A typical atmospheric gas
ol has a bouing point range of from about 400 to about
650 F The bottams stream of the crude calumn 13 also
referred to as a reduced crude or topped crude. 1t may
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have an IBP of sbout 640 to 700° F' and wll contan
over 1 wt.% of asphaltenes

The term vacuom gas oil 1 wtended to refer to the
vanous sulecut streams which may be removed from a
vacuum colimn Normally two vecuum gas o] streams
are removed from the vacuum colimn The stream
having a higher boiling pomt range and removed at a
lower pomnt 1n the column 1s referred to n the art as »
heavy vacuum gas oil (HVGO). The stream removed
above the HYGO drawofl 15 referred to as a ight vac-
oum gas ail (LVGO) These two streams may be re-
moved from the process as separate product streams or
may be blended to a single product stream A typical
HVGO wall have a boding pomt range of from about
650" to about 1050° F and may be further characterized
m that 1t contains less than about O 3 wi. 9% asphaltenes
The vacunm gas o1l streams are to be distimguished from
a stream of heavy matenal which 18 removed near the
bottom of the vacuum column and referred to as slop or
slop waz. This stream 15 too viscous for use as fuel oil
without bewng blended with a cut ;il. However 1t nor
mally has a relatively low asphaltene content and 15 a
suitable Tube ol base stock after propene deasphaltmg
A typical slop wax has a gravity of about 11 0 to 16 5
AP] and an average molecular weight of about 580 to
620 or lugher

The bottoms stream of & vacuum column 18 referred
to herein as an asphalt stream. This 18 because of the
lngh asphaltens content of this matersal which ranges
from about 2 to 20 wt 9% and 1ts essentially nondastill
able character These charactenstics often rejegates it
to use a3 a bonding agent for aggregates to form paving
matenal or for roof sealing. It may however be sub-
Jected to subsequent processing such as mr blowmg,
propane deasphalting or coking etc A vacuum colomn
bottoms stream may be characterized as having an IDP
gbove 1000° F contmnimg less than 50 vol. % dimstllable
hydrocarbons and having a gravity of from about 1 0 to
85 API The average molecular weight of the asphalt
may be from about 700 to 900 or higher Asphalt 15
somehmes referred to as pitch

According to the preferred embodiment, the warm
desalted crude o1 18 passed mnto a flash zone which
separates 1¢ 1nto & vapor stream and a liqind stream Ths
IS a customary step in crude oil fractionation Effective
flashing condrtyons mclude a positive pressure less than
that nsed 1n the previous heat exchange and preferably
from about 10 to 30 pmg and a temperature of from
about 280" to 500 P or lugher Further details of the
operatons of desaling and flashing may be obtamed by
reference to U S. Pat No 3798 153 (C1 208-43AA)

The Drawing tlustrates the preferted embodument of
the mvention The crude and vachvm vmits have 2 large
number of lines carrying the vanous sidecuts and pump-
around loope wiuch have not been shown n order to
more clearly present the mventive concept. Likewnse, 2
Iarge number of subsystems mcluding controllers,
valves sican generators, fractionation trays, etc. have
not been shown. These accouterments do not form part
of the mventive concept and they may be any of the
vanous types which are customarily used This descrip-
tion of the drawmg and the example given below are
not intended to preclude the reasonable vanation and
modification of the disclosed nvention as can be made
by one skilled 1n the art.

Referming now to the Drawing, a stream of raw crude
o1l enters the process through line 1 This stream con
tams water removed from the desalter 14. It 1s aphit into
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two portions with the first portion traveling through
lme 2. The temperature of this first portion 1 increased
by imndirect heat exchange agunst & stream of crude
column top pump around bqud i heat exchanger 6,
against a bottom stream from a kerosene sidecut strpper
m exchanger 7 agamst the bottoms of a diesel o1l sxde-
cut sinpper 1n exchanger 8 and finally against a kero
sene sidecut stream which has previously been used to
heat a stream of desalted crude oil The second portion
of the mw crude o1l 15 passed through lme 3 Its temper
ature 18 mereased by heat exchange aganst the crude
column top pump-around hgud m exchanger 10 and
against the product draw (bottoms stream) removed
from the heavy naphtha stripper 1n heat exchanger 11 It
16 then exchanged sgainst a portion of the AGO product
stream removed from the crude column in exchanger
12. Finally 1t 13 heated i exchanger 13 by a second
portion of the same kerosene sidecut which 15 used in
heat exchanger 9 The two portions of now heated
crude o1l are combined and passed into a first desalter
whech 18 not shown through line 4. A brmne stream 13
rejected from the first desalter A stream of water from
Iine 5 18 adrruxed wath the crude o1l removed from the
first desalter and rs passed into a second desalter 14 A
water stream 8 removed mn Iine 15 for admixture with
the raw crude ml

The desalted crude oif 18 removed from the second
desalter in hne 16 and divided nto two portions The
portson of the desalted crude which passes through Lne
17 18 heated by hegt exchange aganst a first portion of
a kerosene mdecut stream in heat exchanger 21 and then
by a first portion of s diesel o1l sidecut 1n heat exchanger
22 The portion of the desalted crude flows through line
18 s heated by a second portion of the kerasene mdecut
m heat exchanger 19 and against a second portton of the
diesel o1l sidecut i heat exchanger 20 The two portions
of desalted crude oil are then combined and passed
through hine 23 mto a flash drum 76. Vapors from this
flash drum are passed nto the crude column via line 78

‘The hquids remaiming after the flashing operation are
withdrawn m line 77 and divided into two portions
with one portion passing through line 25 and a second
portion passing throngh line 24. The flash drum hqud
passing through line 25 15 heat exchanged against a
stream of AGQO passing through line 50 in heat ex
change meana 26 It 15 then further incressed 1n temper
ature by heat exchange aganst an asphait stream pass-
g through line 59 and heat exchange means 27 The
other portion of flash drum bqud which 15 passing
through line 24, 1 increased in temperature by heat
exchange mn exchanger 32 against a stream of HVQO
pasung through line 68 and then in heat exchange
means 33 by indirect heat exchange agamst a stream of
maphalt passing through linc 58 The two portions of
fash drum Lquid in lnes 24 and 25 are then admaxed
and passed through line 28 to & fired heater 29 The
effluent of the heater 13 passed mto the cruode column 31
through line 30

The crude column 18 operated under conditions effec-
tive to cause the geparation of the crude o mto a bot
toms stream removed 1n hne 53 a stream of AGO re-
maved in line 48 a diesel a1l sidecut stream removed 1n
line 35 kerosene removed 1o hine 36, heavy naphtha
removed m line 37 and overhead vapors removed n
line 38 A top hquid stream 18 removed m line 79 This
18 a pump-around stream used to remove heat from the
colomn and no pari of the top hiquid 18 withdrawn as a
product The sidecuts removed in lines 35 36 and 37 are
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passed ta sidecut stnppers which are not shown The
return lines carrying the overheed vapors of the sidecut
strippers back to the crude column are also not shown
as these are customary and well known n the art Heat
o recovered from these sidecut streams by heat ex
change aganst the mcoming crude a1l 1o the manner
previcusly described Steam 1s added to the bottom of
the crude column through line 34 to aid n the frachon
abon

The overhead vapors of the crude column are passed
through an overhead condenser 39 The resulting con
densate stream 1s passed into overhead receiver 40 and
separated into a hydrocarbon hiqud phase and an aque-
ous pbase A water stream 15 removed from the over
head receiver in line 41 This 15 the water which 13
contained m the adecut stnpper overhead vapor
streams and the steam added through hne 34 A stream
of hght hquid hydrocarbens 18 removed from the re-
ceiver m hme 42 A first portion of this stream 1 re-
turned to the top of the crude column as reflux w line
43 Thus portion 1s sdmixed with top pump-sround hq
ud which 13 used for heating the crude o1l 1n heat ex
changers 6 and 10 before entening the column A second
portion of the overhead liqund 13 passed through line 44
into a splitter column 48 The splitter column removes
the Cy hydrocarbons in Line 46 for use as fuel gas or for
passage to a gas concentration umt The Cy+ portion of
the overhead hquid 15 removed in hine 47 and passed
mto & dehexamzer

The AGO stream which 18 removed from the crude
column m !ine 48 15 divided into a product stream re-
moved 1n hne 49 and & pump-around stream which 18
passad through Lne 50 The hot AGO passing through
hne 50 15 prssed throngh the heat exchanger 26 to heat
one of the two portions of ftash drum hqwud It 18 then
self split into two portions and returned to the crude
column at two separate vertical pomnts through lines 1
and 52 The bottoms stream of the crude column 1s
removed n ine 83 and passed through a fired heater 54
before being inserted ito the vacuum column 55

The vacvum column 18 operated under conditions
whuch are effective to separate the entering crude col
umn bottoms stream mnto an overhead vapor stream
removed 1n line 56 a stream of LVGO removed in line
71 a stream of HVGO removed n line 66, a stream of
tlop wax removed 1n hne 63 and an asphalt bottoms
stresm removed in hne 37 The asphalt bottoms stream
18 divided into 4 first portion passing through hne 59 and
a second portion passing through hne 58 The asphalt
stream pasaing through line 59 15 used to heat the flash
drum hgud in heat exchange means 27 The second
asphalt stream passing through line 58 15 used to heat a
porton of the flash drum Liquid m heat exchenge means
33. The two asphalt streams are then combined and
directed mto hine 60 A net asphalt stream 15 removed
from the process in line 61 as a product stream while
the remmining portion of asphait 1 returned to the bot
tom of the vacuum column through line 62. The slop
wax stream removed in line 63 15 also divided nto two
portions. A first portion 1s not heat exchanged and 13
returned to the vacuum column i line 64. A second
portion of the slop wax may be rejected through line 65
as a4 net product stream or may be admuxed wath the
crude column bottoms streem carmed by line §3 If
removed 85 & product stream 1t may be blended with
the asphalt stream removed from the process in lme 61

A portion of the HVGO which 1s removed from the
vacuum column 1o line 66 18 returned to the vacuum
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column in hine §7 without passing through s heat ex
changer The remmning portion of the HVGO passes
through line 68 to heat exchange means 32 wherean 1t 13
used to heat a portion of the flash drum hquid stream It
then flows through line 68 to the point at which 1t s
bifurcated into & stream of HVGO returned to the vac-
uum column i1n ine 7¢ and a stream of HVGO which 18
removed as a product stream i1n line 69 The stream of
LVGO which 15 removed 1 line 71 18 divided nto a
product stream removed 1n line 74 and a recycle stream
passed through Line 72. The LVGO recycle stream 15
cooled mn an air cooler 73 and returned near the top of
the vacuum column The LY GO product stream m line
74 15 blended with the HVGOQ product stream from line
69 to form a combined vacuum gas o1] product stream
removed from the process in line 75

The preferred embodiment of the invention may be
charactenzed as a process for fractionating a crude od
which compnises the steps of desalting a crude o1l feed
stream to form a desalted crude oil stream, heatng the
desalted crede od stream by mdirect heat exchange
against & iquud stream removed as a side cut from a
crude oil fractonation column dividing the desalted
crude ol stream into a flash drum vapor stream and &
flash zone hqud stream by passing the desalted crude
o1l stream into a flash zone operated at effective flashing
conditions, pasnng the flash zone vapor stresm into the
crude o1l fractionation column dividing the flash zone
hqud stream into a first and a second aliquot portion
having the same composition heating the first aliquot
portion of the flash zone hiqud stream by indirect heat
exchange agamst & heavy vacuum gas o1l stream and
then by mdirect heat exchange aganst a first asphalt
stream heating the second aliquot portion of the flagh
zone & hqud stream by indirect heat exchange agamst
an atmosphenc gas o1l stream comprnising hydrocarbo-
naceous liqd removed from the bottom one half of the
crude o1l fractionation column and then by indirect heat
exchange agamst a second asphait stream recombining
the first and second aliquot portions of the flash zone
hquid stream and pasging the flash zone hquid stream
wto the crude ol fractionation colomn after further
heating the crude o1l fractionation column being oper
ated at conditons effective to separate the desalted
crude ail strean mto & crude column bottoms strezm
the atmosphenc gas il stream and at lesst two other
hquid sidecut streams having lower end boiling pomts
than the atmosphenc gas oi stream mcluding a pres-
sure above about 5 psig and & bottoms hqud tempera
ture of from 500 to about 720° F heating the crude
column bottoms streams and passing the crude column
bottoma stream nto a crude o1l vacuum column oper
ated under conditions effective to separate the crude
column bottoms stream into an asphalt bottoms stream,
a heavy vacuum gas oil sidecut stream and a light vac-
uum gas o1l idecut stream, including a bottoms temper
ature of from about 630 to about 770 F and a pressure
of Jess than one atmosphere absolute dividing the
heavy vacuum gas o1l sidecut stream into a first aliquot
poruon which 1s returned to the crude o1l vacoum col
umn and a second ahquot portion which 15 ntilized as
the heavy vacuum gas oil stream and then dividing the
heavy vacuum gas oil stream 1nto a first and a second
shquot portion after heat exchange agamst the first
portion of the flash zone liquid stream with the first
portion of the heavy vacuum gas oil stream alsc bemg
returned to the crude ol vacunm column and the sec-
ond portion being removed as a product and dividing
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the asphalt bottoms stream into a first and a second
shquat partons and thereby formung the first and the
second asphalt streams recomiunmg the first and sec-
ond asphalt streams after their respective heat exchange
operations to form a cooled asphalt stream passing a
firat portion of the cooled asphalt stream into the crude
o1l vacuom column and removing a second portion of
the cooled asphalt stream as a product

The invention 18 further liustrated by this example of
the preferred embodiment The charge stream to the
crude column 15 a 100,000 barrel per day (BPD) stream
of a 345 API light Arabian crude ol This stream 15
divided 1nto two approximately equal portions. The
first portion 15 admuxed with about 4000 BPD of water
from the second desalting stage and passed into heat
exchanger 6 at about 95 F It 15 heated to approm
mately 160 F by exchange agmnst one part of the
crude column top pump-around streem This material 13
removed from a trap-out tray located between the third
and fourth fractionation tray from the top of the col
umn Part of this matenal 18 returned to the crude col
umn st the fourth tray and the remmnder s admixed
with the overhead hiqmd returned to the crude column
at reflux The crude ail 18 then heated to about 200 F
by indirect heat exchange against the bottoms streams
of the kerosene mdecut stnipper 1n heat exchanger 7 In
heat exchanger B the first portion of crude oal 13 further
heated to 246 F by exchange agmmnst the bottom of the
diese] oul sidecut stripper It 15 then heated t0 262 F
exchange 9 by exchange agamst one portion of the
kerosene mdecut whrch has previously been exchanged
agunst a desalted crude stream m exchanger 19

The second portion of raw crude 18 warmed from 95
to about 160" F 1n exchanger 10 agmnst the remaiming
part of the previously described crude column top
pump-around stream It 18 then heated to close to 130
F by the bottoms stream of the naphtha sidecut stream
Exchange agamnst the AGO product stream n heat
exchanger 12 rewses the temperature of this stream of
raw crude to about 255 F The temperature 1s finally
rased to close to 268 F 1n exchanger 13 by exchange
agamst the portion of the kerosene sidecut stream uvsed
for hesting the desalted crude 1n exchanger 21 The two
raw crude streams are mixed and passed mto a first
desalter from which undissolved water 15 decanted A
second stream of water 13 added to the crude before i 19
passed through a second desalter 14.

The now desalted crude 13 agan split mto two ap-
prozimately eéqoal parallel streams Each stream s
heated to about 317 and then to about 380° F by indi
rect contact with one part of the kerosene mdecut
stream and then with one part of the diesel o1l mdecut
stream The two streams of desalted crude are admixed
and passed into a flagsh drum mamtamed at a pressure of
sbout 15 pmg About 48 400 Ibs./hr of water vapor and
gaseows hydrocarbons are removed from the flash drum
and passed 1ato the bottom of the crude column This
produces a 95 685 BPD stream of hquid hydrocarbons.

According to the inventive concept this hquid stream
11 s5plit into two approximately equal portions The first
portion 15 heat exchanged aganst an HVGO stream n
exchanger 32 to increase its temperature to ebout 495
F and agamst an asphalt stream m exchanger 33 to rause
1ts temperature to about 515 F The second portion of
flash drum liqmd s first heated to 505 F 1 heat ex
changer 26 by the AGO pump-around stream and then
to sbout 525 F by heat exchange aganst the other
asphalt stream 1n exchanger 27 Admaxture of the two
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hquid streams produces a 520° F crude column feed
stream which 13 charged mto a fired heater The mixed
phase effluent of this heater has a temperature of about
712 F and a pressure of approximately 17 pug It 13
charged durectly mto the rude column About 15900
Ibs /hr of 50 paig steam s also charged to the bottom
of the crude column

The streams removed from the crude column mnclude
a 38 100 BPD bottoms stream having a gravity of 159
API snd a tempemture of approximately 680 F The
total AGO sidecut stream has a temperature of about
575 F and a gravity of 30 API The porticn which 15
removed as a product stream 1 line 49 has a flow rate
of 10 300 BPD and 15 heat exchanged aganst one of the
streams of undesalted crude o1l in exchanger 12. The
remaining portion of the total AGO smdecut 18 ex
changed against one of the streams of flash drum hqud
and 18 thereby cooled to about 440 F This portion 13
then sphit into two smaller streams and returned to the
column 1o the manner illustrated

The next hightest sidecut stream removed from the
crude column 18 8 37 3 API diesel ol stream having a
temperature of about 305 F One portion of this sdecut
18 stnpped with 50 psig steam with the resultant over-
head vapors bemng returned to the crude column m the
customary manner at a pressure of 13 psig The bottoms
stream of the stnpper 15 exchanged agamnst undesalted
crude 1n exchanger 8 and removed at the rate of about
10,400 BPD A second portuon of the diesel ol sidecut
18 divided mto three smaller streams Two of these are
used to heat the two streams of desalted crude 1n ex
changers 20 and 22, and a smaller stream 15 used to
reboil the paphtha stripper The matenal forming these
three streams 18 then returned to the crude column as
the cooled part of the pump-around stream In a sumlar
manner a 410 F stream of kerosene 1s removed from
the column and sphit mto two portions One portion 18
stnipped wath 50 psig steam to form a 12,000 BPD
product stream having 2 gravity of 44 AFPI Thws
stream 1s cooled from 390 to 210 F by raw crude cil
1n heat exchanger 7 Stnipper overhead vapors are agam
returned to the column A larger portion of the kero
sene sudecut stream 13 divided mto two streams which
are passed m parallel through heat exchangers 19 and 21
and then through exchangers 9 and 13 These streams
are then returned to the crude column at a lower tem
perature of about 300 F

A heavy naphtha sdecut having a gravity of about
526 API s removed from the crude column at a tem
perature of 300° F A first portion of this sidecut 15
passed into a reboiled strpper to produce a 12 000 BPD
product stream having a temperature of 350° F The
naphtha product stream 15 then cooled to 210 F 1n heat
exchanger 11 The remamng portion of the heavy
naphtha sidecut 1s returned to the crude column at a
powt below the draw off tray at a temperature of 300°
F The top pump-around stream has & gravity of about
670" API and 15 removed at a temperature of 210" F
This stream 15 also split into two parallel streams which
are cooled in heat exchanpers 6 and 10 respectively
This top pump-around matenal has a temperuture of
about 145 F after the crude o1l heat exchange and 1s
returned to the column

An overhead vapor stream 15 removed from the crude
column &t the rate of about 4 125 moles/hr It has a
temperature of 197 F and a pressure of 10 psig. This
stream 13 cooled to about 100 F and passed wnto an
overhead receiver The hydrocarbon liquid phase col
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lected 1n the recerver has a gravity of about 76 3 API
A net overhead liquid 18 removed as a product stream
passed into a dehexamzer at the rate of sbout 17 545
BPD About 630 moles/hr of overhead recerver iquid
18 returned to the column 1n admixture with a portion of
the top pump-around stream as reflux Water 18 de-
canted from the overhead receiver at the rate of approx
mately 1 540 moles/hr
The bottoms stream of the crude column 13 hezsted to
about 770 F and then flashed into the vacuum column
at a pressure of 15 mm. of Hg absolute An asphaltic
bottoms stream having a gravity of 2 AFPI 1 removed
at a temperature of about 685 F This total asphalt
stream has a flow rate of approximately 205 500 Ibs./hr
It 18 divided into two approximately equal smaller as-
phalt streams The first asphalt stream 13 heat exchanged
agamnst flash drum hquid in heat exchanger 33 and the
second asphalt stream 13 used to heat flash drum liqmd
m exchanger 27 The two streams are then recombined
A pet asphalt product stream having a flow rate of
about 162 500 lbs /hr 1s withdrawn 1n e 61 The re-
mamung portion of the asphalt siream 18 returned to the
bottom of the vacuum cojumn at a temperature of ap-
proxunately 560 F
An HVGO stream 13 removed from the crude column
at 540 F A first portion of this 119 API stream »
returned to the vacuum column as shown The remain
ing portion of the HVGO has a flow rate of approx
mately 736,500 1bs /hr This HVGO stream 15 used to
heat flash drum hquid 1 heat exchanger 32 and to gen
erate steam It 15 then divided mto & net HVYGO product
stream of about 288 000 Ibs /hr and a recycle HYGO
stream which 13 cooled to about 175 F and passed into
the vacuum column A 650° F stream of 15 API slop
wax stream 19 withdrawn from the column and also split
mto two streams The smaller of these streams 1s passed
mto the vacnum column heater and the larger stream 1s
returned directly to the vacuum column The LVGO 18
removed at the rate of about 411 000 Ibs /hr This mate-
ria} has a temperature of 200° F and a gravity of 28 7
API A net LVGO product stream having a flow rate of
about 8i 800 Ibs /hr (6,350 BPD} 1s admixed with the
net HVGO product streamn The remaimng portion of
the LVGO 18 cooled to about 100* F and passed mto
the top of the vacuum column About 1500 lbs./hr
gases having an average molecular weight of 36 1s re-
moved at the top of the column through use of jet ejec-
tors developmg a vacuum of about 5 mm Hg absclute
I claim as my mmvention
1 A process for fractionating a crude ol which com
prises the steps of
(a) desalting a crude o1l feed streem to form a desalted
crude o1l stream
(b) heating the desalted crude o1l stream by mdirect
heat exchange agamst a hiquid stream removed as a
sidecut from a crude o1l fractionation column
(c) dividing the desalted crude oil stream mto & flash
zone vapor stream and a flash zone hiqud stream by
passing the desalted crude o1l stream mta a flash
zone operated at cffective flashing conditions
{d) passing the flash zone vapor stream into the crude
ol fractionation column
(e) drviding the flash zone hiqud stream mto a first
and a second aliquot portion having the same com
postion,
(f) heating the first alhiquot portion of the flash zone
hquid stream by mdirect heat exchange agamst e
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heavy vacuum gas oil stream and then by indirect
heat exchange against a first asphalt stream
() heating the second aliquot portion of the flash
zone hquid stream by indirect heat exchange
against an atmosphenic gas ol stream comprising
hydrocarbonsceous hiquid removed from the bot
tom one-half of the crude o1l fractionation column
and then by indirect heat exchange against & sec-
ond asphalt stream
(h) recombining the first and second aliquot portions
of the flash zone hqud stream and passing the flash
zone liqmd stream 1nto the crude o fractionation
column sfter besting the crude oi fractionation
column bemg operated at condittons effective to
separate the desalted crude oul stream mto a crude
column bottoms stream the atmosphenc gas oil
stream and at least two other hquid sidecut streams
having lower end boiling points than the atmo
sphenc gas ol stream, including & pressure thave

ebout 5 pmg and a bottoms hquid temperature of 20

from 500 to about 720 F

12
and a pressure of less than one atmosphere abso
lute

(3) dwviding the heavy vacuum gas o1l sdecut stream

nto a first abquot portion which 13 returned un
cooled to the crude oi vacuum column and a sec-
ond aliquot portion which 18 utthzed as the heavy
vacuum gxs o1l stream of step (f) and then dividing
the heavy vacuum gas oil stream nto a first and a
sccond ahbquot portion after heat exchange against
the first portton of the flash zone hguid stream
with the first portion of the heavy vacuum gas oil
stream alsc bemg returned to the crude ol vacuum
column and the second portion being removed as a
product, and

(k) dividmg the 2sphalt bottomes stream into & first and

& second aliquot portion and thereby forming the
first and the second asphalt streams recombming
the first and second asphalt streams after the re-
spective heat exchange operations of steps (f) and
{g) to form a cooled asphall stream, passing a first
portion of the cooled asphalt stream mto the crude

P
\(70\

(1) heating the crude column bottoms streams and
pasung the crude column bottoms stream mto a of the cooled asphalt stream as a product.
crude o1l vagcuum column operated under condi 2. The process of claim 1 further imted 1n that the
tions effective 1o sepanate the crude column bot 25 desalted crude ol stream 18 heated prior to passage nto
toms stream into an asphalt botioms stream a  the flash zone by heat exchange agamnst a diesel o1l
heavy vacuum gas od sidecut stream and a hight  stream removed ss 4 sidecut from the crude oil fraction
vacuum gas o1l sidecut stream including a bottoms ation column

ol vacuum column and removing a second pornon

temperature of from ebout 650 to about 770 F “ % s
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PROCESS FOR HiDROCARBON CONVERSION

BACKGROUND OF THE INVENTION

The inventon relates to a process for the production
of one or more hight hydrocarbon oil distillates from a
hydrocarbon ol ressdue obtained by atmosphenc distil
lation

During the atmosphenic dutillation of crude o1l as
employed on a large scale in the refineries for the pro-
duction of hght hydrocarbon o1] distillates, a ressdoal o2)
15 obtamed as a by product. In some cases tlus residual
oil 1s switable to serve as base 1 ¢ starting matenal for
the produchon of lubncatng o1l but often the resdoal
ol which as a rule contains considerable quantities of
sulfur metals and asphaltencs, only qualifies for use as
fuel o1l

In view of the growing need for hight hydrocarbon ol
distillates vanous processes have been proposed over

5

15

the years which ammed &t the conversion of the residoal 20

ous mto hight distillates Exemplary processes mclude
catalyhic cracking thermal cracking gasmficstion in
combination with hydrocarbon synthesis coking and
hydrocracking. The use of the residual oils as such as

feed for each of these processes has considerable disad 23

vantages which seriously hamper their application on a
commercial scale For mstance the catalyhc cracking
of these remidual oils has the sertous drawbacks that
catalyst consumption 18 very high and that owing to the

high coke and gas production only a low yeld of the 30

desired light distdllates 15 obtained The thermal crack

g of these residual oils for the production of hght
dushllates 15 not atiractive esther becanse the stability of
the cracked product permuts only a low conversion to

desired hght distillates Colang of the residual oils yields 35

a considerable quantity of coke as product and this coke
produchon occurs at the expense of the yield of demired
hght distidlates. Gasification of the residual o1ls n com

bination with hydrocarbon synthesis 18 rather expensave

and moreover not very attractive because 1 this way 40

first the too heavy molecules are cracked to form too
hght molecules the latter subsequently being recom
bined to form heavier ones The hydrocrackmg of the
resadual oils 15 accompanied by a ramd catalyst deact:

vation and/or 2 high production and/or » hugh con 45

sumption of hydrogen

In view of the above and takmg into account the fact
that 1n the atmosphenc distillation of crude o1l about
half of the erude o1l 15 left behund ss distullation residue

1t will be clear that there 1s & pressing need for a process 50

whirch offers the possibility of convertmg in an econom

cally justifiable way hydrocarbon o1l residues obtained
by atmosphenic distillation into hght :e low boilling
hydrocarbon oil distillates such as gasolines

As m practice catalytic cracking has proved to be an 55

excellent process for the converuon of heavy hydrocar
bon o1l distillates such as gas oils mto hight hydrocarbon
oil dstillates such as gasohines the apphcants have car
nied out an mnvestigatton m order to find out what use

could be made of catatytic cracking for the conversion 60

of hydrocarbon o1l residues obtained by atmosphenc
distillation It has been found that 1n a certain combina
tion of catalytic crackimg with catalytic high pressure
hydrotreatment catalytic low pressure hydrotreat

ment, deasphalting gasification and thermal cracking or 65

coking, a process can be reahized which 15 hughly suit
able for this purpose The present patent application
relates to such a process

2

SUMMARY OF THE INVENTION

According to the inventon there 1 provided a pro-
cess for the production of light hydracarbon distillates
from a hydrocarbon o1l resdue obtamed by atmo-
sphenc distiliation which eomprises

a fractionating said remdue by vacuum distdlation
mto & vacuum distiitate and a vacuum remdue

b deasphalting sard vacuum residue 1n a deasphelting
zone by contact with a low boiing hydrocarbon sor-
bent to obtain & deasphalted oil and asphalt

c catalytically cracking smd vacuum dustillate and
said deasphalted o1l 1n a catalytic cracking zone to ob-
tamn a catalytically cracked product,

d fractionating said catalytically cracked product by
fractionation distillation at esscntially atmospheric pres-
sure to obtamn at least one light hydrocarbon distillate
product, and intermediate boashing fraction and a residue;

& hydrotreating said intermediate bouing fraction 1n a
low pressure hydrotresting zone and recycling at least
part of sa1d intermediate fraction to saxd catalytic crack
Ing zone

f thermally heating at least one of said asphalt and
saud residue in thermal trestment zone selected from a
thermal cracking zone and & coking zone to obtain a
thermal treatment product,

g fracuonating said thermal product by fractiongtion
disullatgon nto at least one light dinllate product a
thermal intermechate fraction and a thermal residue,

h hydrotreating said thermal intermediate fraction in
a low pressure hydrotreating zone and recycling at least
part of this hydrotreated product as feed to the catalytic
cracking zone,

L ganfying the thermal residual fraction 1n a gaafica
tion zone and catalytically reacting said gasified prod
uct with steam to produce hydrogen

) feeding said hydrogen to a high pressure catalytic
hydrotreating zone together with at least part of the
atmaspheric diwstillation rendue feed pnor to step (a) or
to at least part of the vecuum residue feed to step (b),
then

k passing said hydrogen exiting saxd high pressure
hydratreating zone as feed to a low pressure catalytic
hydrotreating zone together with a feed selected from
the vacuum distillate product of step (s) and at least part
of the asphalt product of step (b) and then

! pasmng sad hydrogen entng step (k) to at least one
low pressure catalytic hydrotreating xone selected from
steps () and (h)

BRIEF DESCRIFTION OF THE DRAWINGS

FIGS 1 to 6 each illustrates different embodiments of
the processing scheme according to the mvention

DESCRIPTION OF PREFERRED
EMBODIMENTS

In the process according to the mvention a hydrocar
bon o1l residue obtamed by atmospheric distillation
(AR) and/or an atmospheric residue obtaned there
from by catalytic high pressure hydrotreatment and
disullation of the hydrotreated product 1s split, by vac-
uvm distillation mto a vacuum distillate (VD) and a
vacvum residue (VR) The vacuoum residue and/or a
vacuur: residue obtatned therefrom by catalytic hugh
pressure hydrotreatment and distiflation of the hydro-
treated product, 15 apht by deaspbaltng mto a deas-
phalted o1 and asphalt The deasphalted oil and the
vacuum distillate (VD) are cracked catalyhcally and

&
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the cracked product 15 separated by atmospheric disti]
lation mto one or more hght distillates as end products,
an intermeduate fraction of wluch at least a part 1 agamn
cracked catalytically after a catalytic low pressure hy
drotreatment, and & residue. The asphalt and/or a vac-
tum resclue or asphalt fraction obtamed therefrom by
catalytic lugh pressure hydrotreatment and distillation
or deashphalting, respectively of the hydrotreated
praduct, 15 subjected to thermal cracking or coking and
the product so obtained 15 splat by dishllation into one or
more light distillates az end products, an intermediate
fraction which after a catalytic low pressure hydro-
treatment 18 cracked catalytically and a residual fraction
which 15 gasified for the production of hydrogen for the
catalytic lugh pressure hyrdotreatment. The last men
ttoned hydrotreatment 15 applied etther to at least part
of the atmospheric distillation ressdue (AR), or to at
ieast part of the vacuum residue (VR) and 13 then com
bined with a catalytic low pressure hydrotreatment of
the vacuum distillate (VD) or to at least part of the
asphalt from the vacuam residue (VR) by deasphaiting
and 18 then combmed with a catalytic low pressure
hydrotrestment of both the vacuum distillate (VD) and
the deasphalted o1l

In the process according to the mvention catalyhc
cracking constitutes the main process In the catalytic
cracking operation a consxierable part of the heavy feed
11 convered into desired light dishillates The cracked
product 1s split by atmosphenc distillation mto one or
more hight dstillates s end products, an intermediate
fracton of whuch at least a part 15 agan cracked catalyt
ically after u catalytic low pressure hydrotreatment
and a residue Preferably more than 50%w of the inter
mediate fraction 15 subjected to a catalytic low pressure
hydrotreatment followed by catalytic cracking During
catalytic cracking which 18 preferably carried out 1o the
presence of a zeohte catalyst coke 1s deposited on the
catalyst This coke 18 removed from the catalyst by
burning off during a catalyst regeneration that 18 com
bined with the catalytic crackmg operation which pro-
duces a waste gas consisting substantially of a mixture
of carbon monoxide and carbon dioxade The catalytic
craclang operation 15 preferably carried out at a temper
ature of from 400 to 530° C, a pressure of from 1 to 10
bar a space velocity of from 0 25 to 4 kg feed per kg of
catalyst per hour and s catalyst changing mte of from
01 to 5 tons of catalyst per 1000 tons of feed Specilly
preferred conditions for carrying out the catalytic
cracking gperation mclude temperatures from about
450 to 525 C, pressures from about 1 5to 7 5bar space
velocibes from about 05 to 25 kg kg—! hour—! and
catalyst changmg rates from about 0 2 to 2 tons of cata
lyst per 1000 tons of feed

In the process according to the mvention both a cata
lytic hagh pressure and a catalytic low pressure hydro
treatment are employed as supplementary processes
The two processes differ from each other pnmanly in
that the hydrogen partial pressure employed m the
high pressure treatment 15 always at least 25 bar mgher
than the one applied by the low pressure treatment
Preferably the difference between the two hydrogen
partial pressures amounts to at least 50 bar The cata
lytic lugh pressure hydrotreatment employed m the
process 15 preferably carned out at a temperature of
from 325 to 500 C, a hydrogen parhal pressure of from
75 t0 250 bar a space velocity of from 01 to 2 5 1 feed
per catalyst per hour and a hydrogen/feed ratio of from
250-3000 Ni/kg Specul preference exists for carrying
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out the catalytic high pressure hydrotreatment at tem
peratures from about 350° to 475 C, hydrogen partal
pressures from sbout 90 to 175 bar space velocities
from sbout 0.15 to 1 511161 hour-! and hydrogen/feed
retios from 500 to 2000 Ni/kg The catalytc low-pres-
sure hydrotreatment employed in the process aima
manly at reducing the metal content of the feed for the
catalytic cracking onrt and thereby hmiting the catalyst
consumption n the cracking umt and further aons at
saturating the feed for the catalytic cracking umit with
hydrogen and thereby reducing coke deposition on the
cracking catalyst and increasing the yield of desmwred
product. The catalytic kyw pressure hydrotreatment 18
preferably carned out at a temperature of from 273 to
425 C, a hydrogen partial pressure of 20 to 75 bar &
space velocity of from O 1 to 51 feed per [ of catalyst per
hour and a hydrogen/feed ratio of from 100 to 2000
Ni/kg Specully preferred conditions for carrying out
the catalytic low-pressure hydrotreatment mcludes
temperatures from about 300° to 400 C, hydrogen par
tial pressures from about 25 to 60 bar space velocities
from sbout 02 to 3 11-!-1 and hydrogen/feed ratios
from about 200 to 1500 N1/kg Both in the high-pressure
and m the low pressure hydrotreatment preferably a
sulfided catalyst 18 used which contams mckel and/or
cobult and m addition molybdenum and/or tungsten on
alupuna, sdica or sihca-alumma as the carmer

In the process accordmg to the mvention it 18 usnal
for the product obtmined by catalybc high pressure
hydrotrestment to be subjected m succession to an at-
mosphenc and to a vacuum distillation This yields one
or more light distillates as end products, one or more
heavier distillates as feed for the catalytic cracking unit
and a vacuum residue If the catalytic high pressure
hydrotreatment 18 apphed to asphalt the above-men
tioned vacuum dishllation of the atmosphenc remdue
from the hydrotreated product may very suitably be
replaced by deasphalting The deasphalted oil obtamed
upon deasphalting of the atmoapheric residue 15 used as
@ feed component for the catalytic cracking umt and the
saphalt 13 subjected to thermal eracking or cokmng

The process according to the invention further com-
prises 8 thermal cracking or coking step whereby a
conmderable proportion of the residual feed 185 con
verted mto distiliate From this distillate a small quan
tity of hght dishllate can be solated as end-product,
however 1t consists substantiailly of heavier dustillate
which after a catalytic low pressure hydrotreatment 12
surtable to serve as  feed component for the catalytic
crackmg umt The residual fraction which 18 left behind
after working up of the product obtained by thermal
cracking or colang serves as feed for the gamfication
zone. If in the process according to the mvention ther-
mal cracking 13 applied, this 18 preferably carried out at
a temperature of from 400 to 525 C, a pressure of from
2 5 to 25 bar and a residence ttme of from 1 to 25 mm
utes Special preference emsts for carrying out the ther-
mal cracking at a temperature of from 423 t0300°C a
pressure of from 5 to 20 bar and a remdence tuime of from
5 io 20 mmutes If in the process according to the mnven
tion colong 18 employed this 13 preferably carned out at
a temperature of from 400° to 600 C a pressure of from
1 to 25 and & residence ume of from 5 to 50 hours.
Special preference exssts for carrying out the coking at
a temperature of from 425 to 550° C, a pressure of from
2 510 20 bar and a residence tume of from 10 to 40 hours.

Finally, the process according to the invention com
prscs gesification as @ supplementary process Aa feed
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for the pasification umit the residual fraction 18 used
which 15 left behind after working up of the product
obtmned by thermal cracking or coking The gasifica
tion 15 carred out by mcomplete combustion of the feed
with oxygen Preferably steam 18 added to the mixture
as moderator In the mcomplete combustion & crude gas
15 obtamed consisting substantially of carbon monoxide
and hydrogen and contatming a considerable quantity of
sulfur The hydrogen content of this crude 19 ncreased
by subjecting it to the water gas shift reaction in which
carbon monoxide 18 converted into carbon dioxide and
hydrogen by reaction with steam. The water gas shift
reaction 18 preferably carried out by passing the gas to
be converted at a temperature of between 325 and 400
C through two or more reactors containing a high tem
perature water gas shift catalyst and subsequently pass-
ing the partly converted ges mixture at a temperature of
between 200 and 275 C through a reactor contaming a
low temperature water gas shift catalyst As hugh-tem
perature water gas shift catalysts wron-chromuum cata-
lysis are very suitable Effective lJow temperature water
gas shift catalyst are copper-zainc catalysts Each of the
high and low temperature catalysts are preferably sup-
ported on a porous carrier such as alumina. In view of
the rajd contamunation of the catalysts by soot, thi
must, at least when use 18 made of conventional reac-
tors, be removed from the gas before 1t 18 subjected to
the catalytic water gas shift reaction If use is made of
sullur-sensitive catalysts, such as the above-mentioned
won-chromum and copper zmc catalysts sulfur must
also be removed from the gas before 1t 1s subjected to
the catalythic water gas shift reacton Removal of the
sulfur from the crude gas may be omitted if use 1 made
of sulfur insensitive catalysts such as the NivMo/Al;Oy
or Co/Mo/Al;0, catalysts according to Dutch applica
tion 7394793 or the Nuw/Mo/Al/A),O, or Co/Mo/Al
/Al1;0, catalysts according to Dutch patent apphcation
7305304 The water gus shift reaction is preferably car-
ried out at a pressure of between 10 and 100 bar and 1n
particular between 20 and 80 bar The quanhity of steam
which 18 present m the gas mixture that 15 subjected o
the water gas shift reaction preferably amounts to 1-50
mwol per mol carbon monoxide After completion of the
water gas shaft reaction hydrogen rich gas still has to be
punfied so as to obtamn pure hydrogen Iasofar as re-
moval of soot and sulfur has not already been effected
prior to the water gas gluft reaction it has to take place
now The purification of the hydrogen rich gas further
compnses inter alia, the removal of the carbon dioxide
formed and of unconverted carbon monoxide.

The hydrogen which 1n the process according to the
mvention 15 produced by gasification 18 pnmanly in
tended for use in the catalytic ugh pressure hydrotreat
ment. The process 18 preferably carned out m such a
way that the quantity of hydrogen produced by gasifi
cation 15 at least sufficzent to satisfy fully the hydrogen
requirement of the catalytic high pressure hydrotreat
ment If the gasification yields more hydrogen than 15
needed for the catalytic high pressure hydrotreatment
the extra quentity of hydrogen may be used m the cata
Iytic low pressure hydrotreatment or be used for an
apphcaton beyond the scope of the process. The quan
tity of hydrogen obtamed in the gasification 15 deter
mned mamly by the quantity of feed which 18 supphed
to the gasification section The latter quantity can to a
certain extent be controfled by vanation of the cond:
tons under which the catalytic high pressure hydro
treatment, the deasphalting and the thermal cracking or
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6
coking are carried out More effective means of control
ing the quantity of feed which 15 offered to the gasifica
hon section are

a. The use of part of the intermediate fraction and/or
at least part of the residus from the catalytically
cracked product as a feed component for the thermal
cracking coking or gasification,

b. a repeated catalyt:ic high pressure hydrotreatment
of a heavy fracton of the product which has already
undergone such a treatment

c. application of the catalytic high pressure hydro-
treatment to only a part of the ehgible material mstead
of to all the matenal concemed and

d combmations of the measures mentioned under
(a)-{c)

The present mvention compnses a pumber of attrac-
tive vananis uwsmg the measures mentioned under (g)-
=(c) sbove These vanants will be described bnefly
below and wall partly be discussed m more detal by
reference to the accompanying drawmgs.

Varient a) A3 described bersinbefore, the product
obtamned by catalytic cracking 13 spht by atmosphenc
distillation 1nto one or more Light dwstllate fractions as
end products an mtermediate fraction of which at least
a part, after a catalytic low pressure hydrotreatment, 18
subjected once more to catalytic crackmg and a resid
ual fraction According to vanant a part of the interme-
diate fraction and/or st least part of the residue = em
ployed as a feed component for the coker and/or gamfi
cation unit, and/or part of the intermediate fraction 13
employed as a feed component for the therma) cracker

Vanant b) As described hereinbefore the catalytic
ugh pressure hydrotreatment w applied either to the
atmospheric distllaton residue that serves as feed for
the process, or to the vacuum obtained therefrom by
vacuum residue by deasphalting According to vanant
b a part but less than 50%w of the atmospheric distilla-
tion regidue or of the vacuum distillation resmdue or of
the asphalt which 15 obtaned upon sphtting the hydro-
treated product, 15 subjected once more to a catalytic
hugh pressure hydrotreatment.

vanant c) With this vanant only s part but more than
50%w of the atmosphenc distllation residue which
serves as feed for the process, or of the vacuum residue
obtamed therefrom by vacuum distillation, or of the
asphalt obtained from the vacuum residue by deasphalt
mg 1 subjected to ngh pressure catalytic hydrotreat-
ment the remainder being mixed with the hydrotreated
product When carrying out the process according to
vanant c 1t should be borne 1 mind that & number of the
fractions eligible as feed for the catalytic cracking sec-
tion contain components not previonsly subjected to a
catlytic hydrotreatment These fractions must therefore
be subjected to a catalytic low pressure hydrotreatment
prior to the catalytic cracking Since 1n each of the three
embodiments of the process according to the 1avention
bnefly described herembefore under vartant ¢ the as-
phalt and/or vacuum residue cobtained therefrom by
catalytic high pressure hydrotreatment and distillabon
of the hydrotreated product may be converted by ther
mal cracking or coking, these three embodiments corre-
spond with six process schemes These six process
schemes will be explained 1n more detail below by refer
ence to the accompanymg drawings.

Process Scheme [ (FIG 1)

The process 18 carned out 1n & plant which comprises
a catalytic high pressure hydrotreating zone 1, the first

5>
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atmosphenc distillation zone 2, the first vacuum distilla
tion zone 3, a deasphalting zone 4, a thermal cracking
zone 5, the second atmosphenic distllation zone 6, the
second vacuum distillation zone 7 a gasification zone 8
a catalytic low pressure hydrotreating zonec 9 a cata
lytic cracking zone 10 and the thurd atmosphenc distl

laton zone 13 A hydrocarbon o residue 13 obtaned
by atmosphenc distillation 1s divided mto two portions
13A and 14, Residue portion 13A 18 subjected to a cata

lytic high pressure hydrotreatment and the hydro-
treated product 15 1s split by atmosphenc cusullation
mto & C,— fraction 16, a gasolne fraction 17, a mddle
distillate fraction 18 and a ressdue 19 The residue 1915
mxed with portion 14 of the atmospheric residue and
the muxture 20 is split by vacuum distllation 1nto &
vacuum distillate 21 and a residue 22 The ressdue 22 18
spht by deasphalting into a deasphalted ol 23 and an
asphait 24 The asphait 24 s thermally crucked and the
thermally cracked product 25 18 spht by atmosphenc
distilfation into a C,— fraction 26, a gasohne fraction 27,
a middle distillate fraction 28 and a residue 29 The
residue 29 18 spht by vacuum distiflation mnto a vacuum
distillate 30 and a residue 31 The ressdue 31 15 gamfied
and the gas obtamed 15 converted by means of the
water gas shift reaction and punfication, into hydrogen
32 which 13 fed to the catalytic ligh pressure hydro-
treating unit and a waste gas 33 which substantally
conasts of carbon dioxade The vacuum distllate 21, the
deasphalted ol 23, the mddle distdlate fraction 28 and
the vacuum distillate 30 are mixed with a mddile distil

late fraction 34, which 1s cbtamned by atmospheric distil

latton from the catalytically cracked prodoct 35 sull to
l?e discussed and the muxture 36, together with a hydro-
gen stream supplied 37, 1a subjected to a catalytic low

pressure hydrotreatment The hydrotreated product 38
18 mixed with the ruddle distillate fraction 18 and the
muxture 39 1s cracked catalytically In the regeneration
of the catalyst in the catalytic cracking umt a waste gas
40 13 obtained which consists substantially of a mixture

10

0

0
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of carbon monoxide are carbon dioxide The catalyt- 40

cally cracked product 38 18 split by atmosphenc distilla-
tion into a C,— fraction 41, a gasoline fraction 42 and &
mddle distillate fracton 34 and a residue 43

Process Scheme 11 (FIG 2)

The process 1s carnied out m a plant substantally hike
the one described under process scheme I and wherein
the same numbers have the same meaning, the differ
ences bemg that now nstead of the thermal
zone 5, a cokung zone 5A 1s present and that the second
vacuum distillation zone 7 18 omitted The processing of
the hydrocarbon o1l resijue 13A obtamed by atmo-
sphenc distilletion takes place mn substantially the same
way as described under process scheme I, the differ
ences being that now instesd of thermal cracking of the
asphalt 24, coking of the asphalt 1s carned out to form a
distillate 25A and coke 31A and that now instead of the
vecuum restdue 31 from the thermally cracked product
the coke 31A 1 employed as feed for the gasification
zone

Process Scheme III (FIG 3)

The process 18 carned out 1n a plant which compnses
the first vacuum distillation zone 3, a catalytic lugh
pressure hydrotreating zone 1, the first atmosphenc
dstillation zone 2, the second vacuum distillation zone
7, a deagphalting zone 4, a thermal cracking zone § the
second atmosphenc distillation zone &, the third vac-
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uum distillation zone 59, a gasification zone 8§, a cata-
lyic low pressure hydrotreating zone 9, a catalytic

zone 10 and the third stmosphenc distillation
zone 11 A hydrocarbon o1l residue 13 obtmned by
atmosphenic distillation 15 splhit by vacuum distillation
mto a vacuum distillate 64 and a vacuum residue 65
The vacuum residue 65 13 divided into two portions 66
and 67 Portion 66 13 subjected to a catalyuic high-pres-
sure hydrotreatment and the hydrotreated product 6815
split by atmosphenc dsillation nto & C,— fracton 68, a
gasohne fraction 70, a muddle dstillate frachon 71 and a
reasidue 72, The residue 72 18 split by vacuum distillation
1ato & vacuum distillate 73 and a rendue 74, The residue
74 13 mixed with portion 67 of the vacuum remidue and
the mixture 75 15 split by deasphalting 1nto a deasphalted
o1l 76 and an asphalt 77 The asphalt 77 u thermally
cracked and the thermally cracked product 78 15 aplit by
attmasphenc distillation mto 8 C;~ fraction 79, & gaso-
hne fraction 80, a mddle distillate fraction 81 and a
residue 82, The residue 82 18 split by vacuum distllation
o a vacuum distillate 83 and a residue 84, The residoe
84 18 gasified and the geas obtamined 13 converted by
means of the water gas shift reaction and punification
mnto hydrogen 85 which 1s fed to the eatalytic lugh pres-
sure hydrotreating unit and a waste gas 86 which sub-
stantally consists of carbon dioxide The vacuum distid
Iate: 64, the deasphalted o1l 76, the muddle distillate frac-
tion 71, the deasphalted ol 76, the muddle distillate
fraction 81 and the vacuum dishllate 83 and are mixed
with 8 middle distillate fraction 87, which 15 obtaned by
ammospheric distillatton from the catalytically cracked
product 88 sull to be dicussed and the mixturce §9,
together wath a hydrogen stream supplied 90, is sub-
jected to a catalytic low pressure hydrotreatment in
zone 9 The hydrotreated product 91 1s mixed with the
middle distifiate fraction 71 and the vacuum distillate 73
and the mixture 92 1s cracked catalytically in catalytic
cracking zone 10 In the regeneration of the catalyst 1n
the catalytic cracking umt a waste gas 33 13 obtained
which substantially consists of a muxture of carbon mon-
oxide and carbon diomde. The catslytically cracked
product 88 15 split by atmosphenc distillation 1n zone 11
mto a C,— fraction 94, a gasoline fraction 93, & mddle
distillate fraction 87 and a resdue 96.

Process Scheme 1V

The process 15 carned out m a plant (FIG # which s
substantially equal to the one described under process
scheme ITI and 1n whuch the same numbers have the
same meaning the differences being that now nstead of
the thermal cracking umt 3, a coking unit 5A 1 present
and that the third vacoum distillation unyt 3¢ 13 omitted
The processing of the hydrocarbon o1l remidue 13 ob
taned by atmospheric disthllation takes place in substan
tially the same way as descnibed under process scheme
I the dfferences beng that now instead of thermal
crackng of the asphait 77, coking of the asphalt 18 car
nied out to form a distillate 78A and coke 84A and that
now instead of the vacuum residue 84 from the ther
mally cracked product, the coke 84A 13 employed as
feed for the gasificaton unit

Process Scheme V

The process 18 carned out in a plant (FIG 5) which
comprises the first vacoum distillation zone 3, a deas-
phalting zone 4, a catalytic high pressure hydrotreating
zone 1, the first atmospheric disullaton zone 2, the
second vacuum distillation zone 7, a thermal cracking
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zone 5, the second atmosphenc distllation unit 6, the
third vacuum dishlletion umt 50 a gamfication unit 8, 2
catalytic low pressure hydrotreating unut 9, a catalytic
cracking unit 10 and the third atmosphenc distillation
unrt 11 A hydrocarbon oil residue 13 obtained by atmo-
sphenc distillation 1s spht by vacuem distillation to a
vacuum distillate 114 and a remadue 115 The residoe 115
15 spht by deasphalting into a deasphalted ol 116 and an
asphalt 117 The asphalt 117 15 divided into two portions
118 and 119 Portion 118 15 subjecied 1o a catalytic
gh pressure hydrotrestment in zone 1 and the hydro-
treated product 120 s split by atmosphenc dwstillation
ito a C;— fraction and a residue 124, The residue 12415
splhit by vacuum disiillation mto & vacuum distillate 125
and rezidue 126 The residue 126 18 mixed wath portion
119 of the asphalt and the muxture 127 18 thermally
cracked The thermally cracked product 128 s spht by
atmosphenc distillation mto a C,— fraction 129, & gaso-
line fraction 130, a muddle dishllate fraction 131 and a

remidue 132. The remdue 132 13 apht by vacuum distilla 20

tion mto a vacuum dishllate 133 and a residue 134, The
residue 13415 gasified and the gag obtmned 15 converted
by means of the water gas shnft reachon and purification
mto hydrogen 135 which 15 fed to the catalytic high-
pressure hydrotreating umt and a waste gas 136 wiich
substantially coamsts of carbon dioxide, The vacuam
distillate 114, the deasphalted ol 116, the middle distil

Iate 131 and the vecuum distillate 133 are mixed with a
muddle distillate fraction 137, which 1s obtained by at

mosphenic distillation from the catalytically cracked
product 138 still to be discussed and the muxture 139,
together with a hydrogen stream supplied 140, 1s sub-
Jected to a catalytic Jow pressure hydrotreatment. The
hydrotreated product 141 153 mixed with the muddle
dustdlate fraction 128 and the vacuum distillate 125 and
the mixture 142 15 cracked catalytically In the regenera

tion of the catalyst i the catalytic cracling umit a waste
gas 143 13 obtained which substantwlly conssts of a
muxture of carbon monoxide and carbon dioxide The
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catalytically cracked product 138 13 split by atmo- 40

sphenic dmstillation mto a Cy— fraction 144, a gasoline
fraction 145, a mddle distillate fraction 137 and a rest
due 146,

Process Scheme VI

The process 15 carried out 1n a plant (FIG 6) which s
gubstantiaily equal to the one descrnibed umer process
echeme V and in which the same numbers have the
same maeamung the differences beang that now instead of
the thermal cracking unit 5, a colang unit SA 1s present
and that the third vacuum dustillation wut 50 1s omitted
The processing of the hydrocarbon o1l residue 13 ob-
tamed by atmosphenc distillation takes place tn substan
tally the same way as described under process scheme
V the differences bemng that now instead of thermal
cracking of the muxture 127, coking of the mixture 18
carned out to form & distillate 228 and coke 234 and that
now mstead of the vacuum ressdue 134 of the thermally
cracked product, the coke 234 15 employed as feed for
the gasification umt.

The present patent application also compnses plant
for carrying out the process according to the invention
as schematically represented in figures I-1-§

The mnvention will now be elucidated by reference to
the following examples

The process according to the nvention was apphed to
an atmosphenc distillation residue from a crude ol
ongmating from the Middle Bast The atmosphenc
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distillation residue had an mitial boding pont of 330 G,
a sulfur content of 4%w and an asphaltenes content of
189%w based upon C, and lighter (C,~) solvent. The
process was carried out according to process schemes
I-VI In the vanous umts the followmg conditions were
employed

With all process schemes for the catalytic hugh pres-
sure hydrotreatment a sulfided cobalt molybdenum
catalyst on alumina as the carner was employed When
process schemes 1 and 1I were used the catalybic high-
pressure hydrotrestment took place st an average tem
perature of 390 C a hydrogen partial pressure of 100
bar a space velocity of 0 75 kg o1l per liter of catalyst
per hour and a hydrogen/ol rutio of 1000 Nl/kg. When
process schemes III and IV were used the catalyhc
high pressure hydrotreatment took place st an average
temperature of 390" C, a hydrogen partial pressure of
100 bar a space velocity of 0 4 kg oul per liter of catalyst
per hoor and & hydrogen/oil ratio of 1000 Nl/kg When
process schemes V and V1 were used the catalytic high
pressure hydrotreatment took place at an average tem
perature of 450 C a hydrogen parual pressure of 150
bar a space velocity of 0 2 kg o1l per Uiter of catalyst per
hour and a hydrogen/oil ratio of 1500 NI/kg

With all process schemes deasphalung was carried
outat 120 C with bquid butane ss the solvent and using
a solvent/oll weight ratio varying between 3 51 and
451

When process schemes I 111 and V were used thermal
cracking was carnied out at a pressure of 10 bar a rem
dence tune to 15 munutes and a temperature varymg
between 430" and 470° C.

When process schemes 1T 1V and VI were used cok
ing was carmed out at a pressure of 3 5 bar & tempers
ture of 470° C and a remdence ume varying from 20 to
24 hours

With all process schemes gasification was carned out
at a temperature of 1300 C, a pressure of 30 bar a
steam/feed weight ratic of 081 and a oxygen/feed
weight rata of 0 81 The water gas shuft reachon wes
carried out 1n succession m a high temperature zone
over an wron-chromum catalyst at & tempersture of 350°
C and a pressure of 30 bar and m a low temperature
ZOne Over & copper zinc catalyst st a temperature of
250" C and a pressure of 30 bar

With all process schemes I-V1 the catalytic low-pres-
sure hydrotreatment was carned out at a hydrogen
partial pressure of 35 bar, & space velocity of 0 51 oil per
1 catalyst per hour a hydrogen/ail ratio of 1000 nl/kg
and a temperature varymg from 375° to 385 C and
using a sulfided mckel molybdenum catalyst on alumina
as the carrier

With all process schemes catalytic cracking was car-
ried out at a temperature of 450" C, a pressure of 2 2 ber
a space veloctty of 2 kg o1l per kg catalyst per hour aud
a catalyst changing rate varymg from 05 to 10 ton of
catalyst per 1000 tons of o1l and vang a zeolite cracking
catalyst.

EXAMPLE

This example was carnied out according to process
scheme I Starting from 126 parts by weight of the 350
C+ atmospheric cistllatton remdcee 12 the following
quantites of the various streams were obtamed

100 parts by weight portion (13A),
26 parts by weaght portin (14),
4 ] parts by weight C,~ frechion (16),
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09 parts by weight C,-200 C gasolne frachon (17),

50 parts by weight 200 -350° C middle distillate frac-
tion (18),

91 3 parts by weight 350 C+ residue (19), 69 8 parts by
weight 350 -520" C vacuum distillate (21), 47 5 parts
by weght 520 C+ remdue (22),

37 0 parts by weight deasphalted o1l (23),

10 5 parts by weight asphalt (24),

01 parts by weight C,~ fraction (26),

0 8 parts by weight C; 200 C gasohne fraction (27),

11 parts by weight 200 =350 C middle distillate frac-
ton (28),

8 5 parts by weaght 350 C+ residue (29),

15 parts by weight 350°~520° C vacuum distillate (30),

7 0 parts by weight 520 C+ residue (3D),

1 3 parts by weight hydrogen (32),

18 0 parts by weight 200 350" C muddle distillate frac
ton (34),

28 © parts by weight C,— fraction (41),

74 O parts by weaight C; 200 C gasoline fraction 42 and 20

6 0 parts by weight 350 C+ remdue (43)
EXAMPLE I

This example was carried out according to process
scheme I1 Starting from 148 parts by weight of the 3350
C+ atmosphenc distillation residue 12 the following
quantties of the various streams were obtained

100 parts by weight portion (13A),

48 parts by waght portion (14),

4 1 parts by weight C,— fraction (16),

09 parts by weight C; 200 C gasohne fraction (17),

5 0 parts by weight 200 -350 C muddle distillate frec-
tion (14),

91 3 parts by weight 350" C+ residue (19),

79 O parts by weight 350°-520° vacuum istillate (21),

60 0 parts by weight 520° C+ remdue (22),

45 5 parts by weight deasphalted oil (23),

14 5 parts by weight asphalt (24),

6 7 parts by weight dustillate (29),

7 8 parts by weight coke (231)

1 8 parts by weight C,—fraction (26),

15 parts by weight C; 200° C gasohne fraction (27

3 4 parts by weight 200°-35C C mnddle distillate frac
tion (34),

32 4 parts by weight Cy— fraction (41),

83 9 parts by weight C; 200° C gasoline fraction (42)
and

70 parts by weight 350° C+ resudue (43)
EXAMPLE III

This example was carmed out according to process
scheme III Startng from 100 parts by weight of the
350 C+ atmosphenc dstillation residue 13 the follow
ing quantuties of the vanous streams were obtaned

44 Q parts by weight 350 -520 C vacuum dist:llate (64),

36 0 parts by weight 520° C+ residue (65),

41 2 parts by weight portior: (66),

14 8 parts by weight portion (67,

2 B parts by weight C,~ fraction (69),

2 3 parts by weight Cs-200 C gasoline fraction (70),

5 8 parts by weight 200°-350 C mddle dtillate frac
tion (71),

31 4 parts by weight 350 C+ resadue (72),

14 5 parts by weight 350 -520 C vacuum dstillate (73),

16 9 parts by weight 520 C residue (74),

23 4 parts by weight deasphalted o1l (76),
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8 3 parts by weight asphalt (77),

0 I parts by weight Ci~ fraction (79),

0 6 parts by weight Cs 200 C gasoline fraction (80),

0 8 parts by weight 200°-350* muddle drstillate fraction
(81),

6 8 parts by weight 350 C+ remdue (82),

1 1 parts by weight hydrogen (85),

14 6 parts by weight 200°-350° C middle distillate frac-
tion (87),

219 parts by weaght C,~ fraction (84),

56 5 parts by weight C,-200 C gasoline fraction (95)
and

4 9 parts by weight 350 C+ residue (96).

EXAMPLE IV

This example was carned out according to process
scheme IV Starting from 100 parts by weight of the
350" C+ atmosphenc distillation resrdue 13 the follow
ing quantities of the varnous streams were obtamed
44 0 parts by weight 350°-520 C vacuoum distillate (64),
56 0 parts by weight 520° C+ residune (65),

34 0 parts by weight portion (686),

22 O pars by weight portion (67),

2 2 parts by weight C,— fraction (69),

19 perts by weight Cy-200° C gasohne fraction (70),

4 8 parts by weight 200 -350° C muddle distillate frac-

tion (71),

15 9 parts by weight 350 C+ resudue (72),

12 0 parts by weight 350 =520 C vacuum dishillste (73),

13 9 parts by weight 520 C+ residue (74),

26.5 parts by weaght deasphalted o1l (76),

9 4 parts by weight asphalt (7T7),

4 3 parts by weight distillate (278),

5 1 parts by weight coke (84A)

11 parts by weight C;+ fraction (79),

I 0 parts by weight C; 200 C gesoline fraction (838),

22 parts by weight 200°-350° C middle dstillate frac-
tion (81),

D 8 parts by weight hydrogen (85),

14 5 parts by weight 200°-350° C ouddle dmistllate frac-

ton (87,

2] § parts by weight C,— fraction (94),
36 5 parts by weight C, 200" C gasoline fraction (95),
and

49 parts by weight 350" C+ residue (96)
EXAMPFPLE V

Thus example was carned out accarding to process
scheme V Starting from 100 parts by weight of the 350°
C+ stmosphenc distillatton remdue 13 the followmg
quantities of the various streams were obtained

44(0 parts by weight 350°-520 C vactum dstillate

114),

36 0 parts by weight 520 C+ residue (115),

33 0 parts by weight deasphalted oil (116),

21 Q parts by weight asphalt (117),

19 0 parts by weight portion (118),

4 0 parts by weight portion (119),

2 5 parts by weight Cy— fraction (121),

17 parts by weight Cs-200 C gasoline fraction (122),

73 parts by weight 200 ~350° C muddle dstillate frac-
tion (123),

8 3 parts by weight 350 c+ residve (124),

4 3 parts by weight 350 -520 C vacuum dstillate (125),

4 0 parts by weight 520 C+ residue (126),

0 | parts by weight C, fraction (129),

0 6 parts by weight Cs-200 C gasoline fraction (130),
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08 parts by weight 200 ~35¢ C mddle dishllate frac-
tion (131),

6 5 parts by weight 350 C+ residue (132),

1 5 parts by weaght 350 -520° C vacuum dishllate 133,

50 parts by weyght 520 C+ resdue (134),

10 parts by weight hydrogen (138),

14.5 parts by weight 200 -300" C mddle distillate frac
tion (137,

22.2 parts by weight C,— fraction (144),

575 parts by weight C,200 C gasoline fraction (149)
and

4 9 parts by weight 350° C+ resxdue (146).

EXAMPLE V1

This example was carned out accordmg to process
scheme VI Startmg from 100 parts by weight of the
350 C+ atmosphenc distllation remdue 13 the follow-
g quantihes of the various streams were obtamed

44.0 parts by weght 350 -520 C vacuum dustillate
(114),

56 0 parts by weight 520 C- residue (115),

33 O parts by weight deasphalted ol (116),

23 0 parts by weight asphalt (117)

13 O parts by weight portion (118),

8 0 parts by weight portion (119),

20 parts by weight Cy— frachon (12D,

14 parts by weight C; 200 C gasohne fraction (122),

6 5 part by weight 200 <350 C mddle dwsullate fraction
(123),

5 8 parts by weight 350 C+ residue (124),

3 0 parts by weight 350 ~520° C vacuum distillate (125),

2 § parts by weight 520 C+ remdue (126),

6 6 parts by weight distillate (228),

4 1 parts by weight coke (234),

1 4 parts by weight C,— fraction (129)

13 parts by weight C;-200" C gasohine frachion (130),

39 paris by weight 200 -350 C muddle distallate frac-
tion (131),

07 parts by weight hydrogen (135),

14 5 parta by weight 200°-350 C muddle dutillete frac-
tion (137,

22 1 parts by weight C,— fraction (144),

570 parts by weight C; 200* C gesaline fraction (145)
and

4 8 parts by weight 350° C+ residue (146

What 15 claumed 15

1 A process for the production of hight hydrocarbon
distillates from & hydrocarbon oil residue obtained by
atmosphenc dishllation which comprises

s fractionating said residue by vacuum distidlation
into a vacuum dstlizie and a vacoum remdus,

b deasphalting said vacuum residue 1n a deasphalting
zone by contact with a low bailing hydrocarbon
sorbent to obtain a deasphalted o1l and asphalt

¢ catalytically cracking said vacuvm distllate and
said deesphalted ol 1n a catalytic cracking zone to
obtam a catalytically cracked product

4 fractionating said catalytically cracked product by
fractionation distillation at essentially atmosphenc
pressure to obtain et least one hght hydrocarbon
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{ thermally heatmg at least one of saxd asphalt and
said ressdue in thermal treatment zone comprising
either a thermal cracking zone or a coking zone to
obtain a thermal treatment product,

g fractionating saxd thermal product by fractionation
distillation into at Jeast one hight distillate product, a
thermal intermediate fraction and a thermal residue,

h hydrotreating said thermal intermediate frachon m
a low pressure hydrotreating zone and recycling at
least part of this hydrotreated product es feed to the
catalytic cracking zone,

1 gasifying the thermal reuidual fraction n a gasifica-
tion zone and catalytically reacting said gasified
product with steam to produce hydrogen,

J feeding smd hydrogen to a high pressure catalytic
hydrotreating zone together with at least part of the
atmosphenc distillation remdue feed prior to step
{a) or to at Jeast part of the vacuum remdue feed to
atep (b), then

k passng said hydrogen exiting saxd high pressure
hydrotresting zone as feed to a low pressure cata-
lytic hydrotreating zone togather with a feed se-
lected from the vacuum distillate product of step (a)
ang at least part of the asphalt product of step (b)
and then

1 passing saud hydrogen exiting siep (k) to at least one
low pressure catalyhc hydrotreatng zone selected
from steps (¢) and (h)

1. A process according to clasim 1 wherein m step (c)
the catalytic cracking 18 carned out using a zeohte cata
lyst at & temperature of from 400 to 550 C, a pressure
of from 1 to 10 bar a space velocity of from 0 25 10 4
kgkg™! hour™! and a catalyst changing rate of from
01 to 5 tons of catalyst per 1000 tons of feed

3. A process according to ¢laim 1 wherein the hydro-
gen partal pressure applied 1n the catalytic lugh pres
sure hydrotreating zone is at least 30 bar hugher than the
hydrogen partial pressure m the low-pressure hydro-
treating 2one.

4. A process according to clum 1 wheremn the cata-
lytic high pressure hydrotreatment 18 carnied out using
a sulfided catalyst which contans at least one of mckel
and cobalt and in addition at least one of molybdenum
and tungsten on a carner selected from alumma, silica
and silica-alumina, at & temperature of from about 325
to 500° C a hydrogen partial pressure of from 90 to 175
bar aspace velocity of from 0.1 to 2511-1 hour—} and
a hydrogen/feed ratio of from 250 to 3000 N] kg—!

5 A process according to claim 1 wherein in steps (€)
and (h) the catalytic Jow pressure hydrotreatment 1s
carned out using » sulfided catalysts which contams at
least one of nickel and cobalt and in addition at least one
of molybdenum and tungsten on a carner selected from
alumina, mlics or mlica-alumina, at a temperature of
from about 275 to 425 C, a hydrogen partial pressure
of from 20 to 75 bar a space velocity of from 0 1-5
11-! hour-1 and a hydrogen/feed raho of from 100 to
2000 N1 kg-!

6 A process according to claim 1 wheren 1n step (J)
the feed to catalytic igh pressure hydrotreatment 1s at
lesst part of the asphalt obtamed from step (b) and com

distillate product an intermediate bothng fraction  poang the further steps of

and a residue

€ hydrotreating smd intermediate boiling fraction ina 65

low pressure hydrotreating zone and recychng at
least part of sard intermedhate fraction to said cata
lyue cracking zone

fractionating the hydrotreated product of step (1) by
fractionation distillation at essentwfly atmospheric
pressure to obtam an least one hight hydrocarbon
distillate product, a middle distillate fraction and an
atrmospheric remdue,
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passing said middle distilate fraction as a feed compo-
nent to the catalytic craclung zone of step (c),
deasphalung amd atmosphenc residue i1 the deas-
phaltung zone of step (b}, 1o obtam a deasphalted o1l
and an asphalt
pasung saxd deasphalted ol to a feed component to
the catalytic cracking zone of step (c) and
passIng She asphalt to the thermal treatment zone of
step (

7 A process according to clum 1 wherein 1o step (f)
the thermal treatment comprises thermal cracking car-
ned out at a temperature of from 400 to 525 C, a
pressure of from 2 5 to 25 bar and a residence tme of
from 1 to 25 muutes.

8. A process according to clamm 1 wherein in step (f)
the thermal treatment comprises coking carried out at a
temperature of from 400 to 600" C a pressure of from 1
to 235 bar and a residence tume of from 5 to 30 hiours.

9 A process according to claim 1 wherein m step (1)

16

moderator the hydrogen content of the crude gas
which consists substautially of carbon monoxde and
bhydrogen 1 mncreased by contacting the crude gas to-
gether with 1-50 mol steam per mol carbon monoxide at
a pressure of from 10 1o 100 bar 18 succesuon m a first
zone with a lugh temperature water gas shuft catalyst at
a temperature from 325 10 400 C and then mn a second
zone with a low temperature water gas shift catalyst at
a temperature from 200 to 275 C followed by punfica
tion of the hydrogen-rich gas thus obtawed

10 A process according to claim 1 wheremn at least
one of (1) part of the intermediate bonling fraction prod
uct of step (d) and (2) at least part of the remdue product
of step (d) arc passed as a feed component to the coking
zone of step (f) or to the gasification zone of step (i)

11 A process according to claim 1 wherein part of the
iptermediate botling fraction product of step (d) =
pessed as o feed component to the thermal cracking

the gaufication 18 carnied out by incomplete combustion 20 zone of step (f)

of the feed with mr and in the presence of steam as

28

33

45

55

. »

-

4,039,429 N\

—



