SF-642PCT 1 DESCRI PTI ON PETROLEUM PROCESSI NG METHOD AND APPARATUS 5 FI ELD
OF THE I NVENTI ON The present invention relates to a petr si ng
nmet hod and an apparatus therefor. Mre particularly, thelm,l“mmwmm‘mmventi on
relates to a nethod in which an atnospheric distillation igwéer ormed in

combi nati on wWSFH48P¢dcuum 10 distillation so that a feed oil “8%ch as crude
oil is fractionated into atnospheric distillate, vacuum distillate

(vacuum gas oil) and vacuum residue and relates to an apﬂﬂﬂMMMMﬂMWﬁMIfor.
15 BACKGROUND OF THE I NVENTION In the petroleumrefining i !
referring to Fig. 2, reduced crude (topped crude, |ong resi duecwe@s t opper
bottom) |c obtained as a colum bottomoil when an atnospheric

distillation (topping) of crude oil |la is performed at 20 atnospheric
distillation colum 2 is generally\Bqﬁﬁﬁ¥§#F°¥wm fed to furnace 9 by punp
8. The reduced crude 1c is preheated to vacuumdistillation tenperature by

the furnace 9, and introduced in vacuumdistillation part 3 whose

pressure has been reduced by evacuator 6. A vacuum SF- 642PCT
PETROLEUM PROCESSING METHOD AND APPARATUS

5 FIELD OF THE INVENTION
Thepresent inventionrelatestoapetroleumprocessing
method and an apparatus therefor. More particularly, the
present inventionrelates toamethod inwhich an atmospheric
distillation is performed in combination with a vacuum
10 distillation so that a feed oil such as crude oil is
fractionated into atmospheric distillate, vacuum
distillate (vacuum gas oil) and vacuum residue and relates

to an apparatus therefor.

15 BACKGROUND OF THE INVENTION
In the petroleum refining industry, referring to Fig.

2, reduced crude (topped crude, long residue or topper
bottom) lcobtainedasacolumnbottomoil whenanatmospheric
distillation (topping) of crude oil la is performed at

20 atmospheric distillation column 2 is generally withdrawn
and fed to furnace 9 by pump 8. The reduced crude lc is
preheated to vacuumdistillation temperature by the furnace
9, and introduced in vacuum distillation part 3 whose

pressure has been reduced by evacuator 6. A vacuum



2 distillation is perfornmed there to thereby obtain vacuum gas oi
fraction 1d and vacuumresi due (short residue or vacuum botton) |e. That
is, the conventional equipnment for effecting 5 vacuumdistillation
conprises a punp for feeding reduced crude to be supplied to a vacuum
distillation 8bi64@CTnto a furnace, a furnace for preheating to high
tenperatures, a vacuumdistillation columm for distilling reduced crude
at vacuum condition and an evacuator for producing vacuum 10 condition.
The vacuum gas oil fraction can easily bg converted to light oil. Thus,
attenpts are being nade to raise the yield of vacuumgas oil fraction from
reduced crude in accordance with the recent-year increase of demand for
white 15 pale oil such as gasoline, kerosene, light oil and others.
Consequent | y,difiei Vaebuandi stpé¢raeinadt enelse t to behemelry ervbt ot wanclkeumsuch
conditions that reduced crude is heated by a furnace to high tenperatures
at which a theaseditrickéngonikdlakalvadwiocosidane tdieort nteoddeedoin a
vacuum 20 distillation apparatus where the vacuumdistillation is
conducted at wabtugh degtem)ofievacuum Currently, in the furnace for heating
reduced crude, the reduced crude is prevailingly preheated at high
tenperatures such Bisaabbsif B8BO ton#2fi€ional equipment for effecting
5 vacuum distillation comprises a pump for feeding reduced
crude to be supplied to a vacuum distillation column into
a furnace, a furnace for preheating to high temperatures,
a vacuum distillation column for distilling reduced crude
at vacuum condition and an evacuator for producing vacuum
10 condition.
The vacuum gas oil fraction can easily be converted
to light oil. Thus, attempts are being made to raise the
yield of vacuum gas oil fraction from reduced crude in
accordance with the recent-year increase of demand for white
15 pale oil such as gasoline, kerosene, light oil and others.
Consequently, the vacuum distillation tends to be carried
out under such conditions that reduced crude is heated by
a furnace to high temperatures at which a thermal cracking
is likely to occur and then introduced in a vacuum
20 distillation apparatus where the vacuum distillation is
conducted at a high degree of vacuum.
Currently, in the furnace for heating reduced crude,

the reduced crude is prevailingly preheated at high

temperatures such as about 380 to 420%C.



SF-642PCT 3 Wth respect to apparatus as well, there are tendencies to
enpl oy a furnace capabl e of achieving higher tenperatures, an evacuator
capabl e of increasing the degree of vacuumand a vacuumdistillation
apparatus capable of coping with such 5 strict conditions in conformty
with the abov8Ft64@RET However, the production at high yield of vacuum gas
oil fromreduced crude in the above manner encounters the problens of

equi pnent cost increase and energy consunption increase. 10 Mreover, the

vacuum gas oil obtained froma reduced ude affected by thermal cracking
contains a large proportion of olefin components, so that the vacuum gas
oil is unstable. Thus, a drawback has been encountered in requiring a

hydrogenation with a large volume of hydrogen 15 to attain a stabilization
of the vacuum gas Willth respadieto appatetusd ae wifl Ipr eheat iang, temdanot abl e
coking reaction occurs sinmultaneously with the thermal cracking reaction
of reduced crtdemnpllusg ftiheacentagntb laf o £arhoavingsiidie (( Gans alsonr €81 bon
Resi due) in vacuumresidue is 20 increased, causing a drawback in the use
of vacuum r eskdusva@sa o f uelpabArobliern cir cavbacdk thasdbgese et ouai.enedn by
fouling of coke to the furnace tube, piping, vacuumdistillation

apparat us, eta.vasvinchipreventts dnoagpt es s WHPgdBI®ISf coping with such

5 strict conditions in conformity with the above trend.

However, the production at high yield of vacuum gas
©il from reduced crude in the above manner encounters the
problems of equipment cost increase and energy consumption
increase.

10 Moreover, the vacuum gas oil obtained from a reduced
crude affected by thermal cracking contains a large
proportion of olefin components, so that the vacuum gas oil
is unstable. Thus, a drawback has been encountered in
requiring a hydrogenation with a large volume of hydrogen

15 to attain a stabilization of the vacuum gas oil.

Further, at the time of preheating, unfavorable coking
reaction occurs simultaneously with the thermal cracking
reaction of reduced crude. Thus, the content of carbon
residue (Conradson Carbon Residue) in vacuum residue is

20 increased, causing a drawback in the use of vacuum residue
as a fuel. Another drawback has been encounteredby fouling
of coke to the furnace tube, piping, vacuum distillation

apparatus, etc., which prevents long-term continuous

operation.



operation. SF-642PCT 4 Still further, as aforenentioned, the equipnent for
effecting vacuumdi stillation conprises a punp for feeding reduced crude
into a furnace, a furnace for preheating to high tenperatures, a vacuum
distillation colum and an 5 evacuator for achieving vacuum condition.

Thus, a drawb8El642RE@T been encountered in requiring a large site area. A
further drawback has been encountered in the need of long piping
connecti ng apparatuses together which causes an increase of piping

equi pnent cost, the need of |ong piping %p attributed to the vacuum
distillation of reduced crude conducted through a nmultiplicity of process
units. In this state of the art, there has been a demand for a nethod and
an apparatus whereby a vacuumgas oil fraction can be obtained at | ow cost
wi t hout any thermabtttackinghetb of aEdueeentioded, Aneé hagh Dfm@nocessi ng an
at nospheric residue in vacuum condition without heating in order to renove
water from theffeot iy Jetuwmddist iils doiemn cohipwees, a tepapposee@ing hi s
vacuum processing is to renove water and the vacuum 20 processing is

perfornmed at abauted8Othdvdettd Prregsce, 0k rabadtelblr WkheaNdnghis
vacuum processing is not intended to fractionate a vacuum gas oil fraction
fromreduced gigHetemperatures, a vacuum distillation column and an
5 evacuator for achieving vacuum condition. Thus, a drawback
has been encountered in requiring a large site area. A
further drawback has been encountered in the need of long
piping connecting apparatuses together which causes an
increase of piping equipment cost, the need of long piping
10 attributed to the vacuum distillation of reduced crude
conducted through a multiplicity of process units.

In this state of the art, there has been a demand for
a method and an apparatus whereby a vacuum gas oil fraction
can be obtained at low cost without any thermal cracking

15 of reduced crude.

Amethod of processing an atmospheric residue in vacuum
condition without heating in order to remove water from the
column bottom oil is known. However, the purpose of this
vacuum processing is to remove water and the vacuum

20 processing is performed at about 180°C under a pressure of
about 150 mmHg, and this vacuum processing is not intended
to fractionate a vacuumgas 0il fraction from reduced crude.

Furthermore, a simplified atmospheric distillation

method in which crude oil is separated into two fractions,



Furthernore, a sinplified atnospheric distillation method in which crude
oil is separated into tw fractions, SF-642PCT 5 one consisting of gasoline
and lighter distillates and the other consisting of residue containing
kerosene and gas oil fraction, is known. However, this nethod has a
drawback in Shat2rCTective utilization of the crude oil cannot be 5
att ai ned because the residue contains kerosene and gas oil fraction.
DI SCLOSURE OF THE | NVENTI ON The object of the present invention is to
provide a 10 nethod of efficiently obtaisning, through fractionation,
vacuum di stillate (vacuumgas oil) fromreduced crude at |ow cost and to
provi de an apparatus suitable to the nethod. |In particular, the object of
the present invention is to provide a sinple econom cally advant ageous
petrol eum 15 pnecess ikt ey ddgbyohhheharad fldaditeid ddachlastesudedoittei s
fractionated into atnospheric distillate, vacuum distillate and vacuum
resi due and totipep\viates it ialsof meoinhne canity iadvnank agesese apphgatusi bf
sinple structure suitable to the nethod. 20 Accordingly, in one aspect of
the present investien, ithenewhs [How wed, ahpet modteum praoc essireglmetihod f or
fractionating a feed oil into atnospheric distillate, vacuum
in that effective utilization of the crude o0il cannot be
5 attained because the residue contains kerosene and gas oil

fraction.

DISCLOSURE OF THE INVENTION
The object of the present invention is to provide a

10 method of efficiently obtaining, through fractionation,
vacuum distillate (vacuum gas oil) from reduced crude at
low cost and to provide an apparatus suitable to the method.
In particular, the object of the present invention is to
provide a simple economically advantageous petroleum

15 processing method by which a feed oil such as crude oil is
fractionated into atmospheric distillate, vacuum
distillate and vacuum fesidue and to provide an also
economically advantageous apparatus of simple structure
suitable to the method.

20 Accordingly, in one aspect of the present invention,
there is provided a petroleum processing method for
fractionatingafeedoil intoatmosphericdistillate, vacuum
distillate and vacuum residue, the petroleum processing

method comprising the steps of:



distillate and vacuum resi due, the petroleum processing nethod conprising
the steps of: SF-642PCT 6 (i) perform ng an atnospheric distillation of a
feed oil to thereby attain a separation thereof into atnospheric
distillate and reduced crude; and (ii) subjecting the reduced crude to a
vacuum 5 di st$F-b42PGR w t hout heating to thereby attain a separation
thereof into vacuumdistillate and vacuum resi due. |In another aspect of the
present invention, there is provided a petrol eum processing apparatus for

fractionating a feed oil into atnospheric distillate, vacuumdistillate 10
and vacuum resi due, the petrol eum processi ng apparatus conprising:
at nospheric distillation neans capable of separating a feed oil into

at nospheric distillate and reduced crude; vacuumdistillation neans
capabl e of separ at i hp reef dBuiedvred towgdb eirdicodiats hbmadioni f a2 ferd
vacuum resi due in vacuum condition; and a piping nean for directly feeding
t he reduced coiteo thépebhieatvacivum shatdt hon ahereadsint o agnfasmiteriaspect
of the present invention, there 20 is provided a petrol eum processing
apparatus of distillateoandcokdmmest cuatiereahdr fractionating a feed oil
e (ii) subjecting the reduced crude to a vacuum
5 distillationwithout heating to thereby attain a separation
thereof into vacuum distillate and vacuum residue.
In another aspect of the present invention, there is
provided apetroleumprocessing apparatus for fractionating
a feed o0il into atmospheric distillate, vacuum distillate
10 and vacuum residue, the petroleum processing apparatus
comprising:
atmospheric distillation means capable of separating
a feed oil into atmospheric distillate and reduced crude;
vacuum distillation means capable of separating the
15 reduced crude into vacuum distillate and vacuum residue in
vacuum condition; and
a piping mean for directly feeding the reduced crude
into the vacuum distillation means.
In a further aspect of the present invention, there
20 isprovidedapetroleumprocessingapparatusofdistillation
column structure for fractionating a feed oil into

atmospheric distillate, vacuum distillate and vacuum

residue,



at nospheric distillate, vacuumdistillate and vacuum residue, SF-642PCT 7
the distillation colum structure conprising atnospheric distillation
means arranged at an internal upper part thereof and vacuumdistillation
nmeans arranged at an internal |ower part thereof, 5 the atnospheric
distillation FPE£48P€dnprising a feed oil inlet, an atnospheric distillate
outlet and a reduced crude outlet, the vacuumdistillation nmeans
conprising a reduced crude inlet, a vacuumdistillate outlet, a vacuum
residue 10 outlet and a vacuum device connecting port, the reduced crude
outlet of the atnospheric distillation nmeans coupl ed through a piping nean
with the reduced crude inlet of the vacuumdistillation neans. 15 BRI EF
DESCRI PTION OF THE DRAWNG Fig. 1 is a schematic diagram show ng the
petrol eum processthg deshodlef ivhe cplewents timyenticomongaritsiowd arly t he
process constitution of Exanple |; Fig. 2 is a schematic di agram show ng
the prior artatm@éppart celilsrillyl atieompneses s roemstdd ait &ori nafe rGaipappaérve
Exanple 1; and Fig. 3 is a schematic explanatory view of an apparat us
part thereof and vacuum distillation means arranged at an
internal lower part thereof,
5 the atmospheric distillation means comprising a feed
0il inlet, an atmospheric distillate outlet and a reduced
crude outlet,
the vacuum distillation means comprising a reduced
crude inlet, a vacuum distillate outlet, a vacuum residue
10 outlet and a vacuum device connecting port,
the reduced crude outlet of the atmospheric
distillation means coupled through a piping mean with the

reduced crude inlet of the vacuum distillation means.

15 BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a schematic diagram showing the petroleum
processing method of the present invention, particularly
the process constitution of Example 1;
Fig. 2 is a schematic diagram showing the prior art,
20 particularly the process constitution of Comparative
Example 1; and
Fig. 3 is a schematic explanatory view of an apparatus
of the present invention comprising a distillation column

structure.



of the present invention conprising a distillation colum structure.
SF-642PCT 8 la: feed oil |b: atnospheric distillate 1c: reduced crude 5

1d: vacuumdistillate 1le: vacuumresidue 1f: naphtha 1g: kerosene 1h:
light gas oil 10 1i: heavy gas oil 2.: atnospheric distillation colum

2' . at nospher SE-642BET| | ati on part 3: vacuumdistillation colum 31: vacuum
distillation part 15 4: piping 5. valve 6: evacuator 7. side stripper 8:
punp 20 9: furnace 10: feed oil inlet 11: atnospheric distillate outlet

8

la: feed oil
1b: atmospheric distillate
lc: reduced crude
5 1d: vacuum distillate
le: vacuum residue
1l£: naphtha
lg: kerosene
lh: light gas oil
10 1li: heavy gas oil
2: atmospheric distillation column
2': atmospheric distillation part
3: vacuum distillation column
3': vacuum distillation part
15 4: piping
5: valve
6: evacuator
7: side stripper
8: pump
20 9: furnace
10: feed oil inlet
11: atmospheric distillate outlet
12: reduced crude outlet

13: reduced crude inlet



12: reduced crude outlet 13: reduced crude inlet SF-642PCT 9 14: vacuum
distillate outlet 15: vacuumresidue outlet 16: vacuum devi ce connecti ng
port A distillation colum structure 5 PREFERRED EMBODI MENTS OF THE

| NVENTI ON The present invention will be described in greater detail bel ow
10 Petrol eum SF@d@BE€IrNg net hod The petrol eum processi ng net hod of the
present invention is a nethod for fractionating a feed oil into

at nospheric distillate, vacuumdistillate and vacuum residue, the nethod
conprising the steps of: 15 (i) perfornng an atnospheric distillation of a
feed oil to thereby attain a separation’thereof into atnospheric
distillate and reduced crude; and (ii) subjecting the reduced crude to a
vacuum distillation without heating to thereby attain a separation 20

t hereof into vacuuinidi stchbat diandlvaceuputésitdue. One node of petrol eum
processi ng nmethod according to the present invention will be described
with reference to 15: vacuum residue outlet

16: vacuum device connecting port

A: distillation column structure

PREFERRED EMBODIMENTS OF THE INVENTION
The present invention will be described in greater

detall below.

10 Petroleum processing method

The petroleum processing method of the present
invention is a method for fractionating a feed oil into
atmospheric distillate, vacuum distillate and vacuum
residue, the method comprising the steps of:

15 (1) performing an atmospheric distillation of a feed
oil to thereby attain a separation thereof into atmospheric
distillate and reduced crude; and

(ii) subjecting the reduced crude to a vacuum
distillation without heating to thereby attain a separation

20 thereof into vacuum distillate and vacuum residue.

One mode of petroleum processing method according to
the present invention will be described with reference to
Fig. 1. First, feed o0il la is preheated. The preheated

feed o0il is fed into atmospheric distillation column 2



Fig. 1. First, feed oil la is preheated. The preheated feed oil is fed
into atnospheric distillation colum 2 SF-642PCT 10 wherein an atnospheric
distillation is performed to thereby obtain atnospheric distillate |Ib and
reduced crude I c. The obtained reduced crude Ic without being heated is
fed into vac8am4@Pstill ation colum 3 wherein a vacuumdistillation 5 is
performed to thereby obtain vacuumdistillate 1d and vacuumresidue (short
resi due or vacuum bottom) |e. The atnospheric distillation can be perfornmed
by neans of an atnospheric distillation_ gpparatus such as atnospheric
distillation colum 2 into which preheatég feed oil lais 10 fed. The
term nol ogy "atnospheric" refers to a pressure condition such that about
0.5to 2 kg/cnm2G is exhibited at flash zone of feed oil in the atnospheric
distillation whppaiatarsatfbephtemisphesttl distohliat penfenablies thaetbgnati ng
distillates whose boiling point is generally 15 not hi gher than about

350C, dependi pgtafntdiend epiper at wiest iafl fasb azeneedanddahtediigg reduced
crude as a colum bottom oil. In the present invention, not only various

types of crugptaithedbuédakea dwavy 10 bianduel bsi bt nesd by eeackhpg 20
organi ¢ pol yneric conmpounds such as coal, natural bitunen and plastic can
be used as theatees @iétlaiadén!lddNim@8Swherein a vacuum distillation
5 1is performed to thereby obtain vacuum distillate 1d and
vacuum residue (short residue or vacuum bottom) le.
The atmospheric distillation can be performed by means
of anatmosphericdistillationapparatus suchasatmospheric
distillation column 2 into which preheated feed o0il 1la is
10 fed. The terminology "atmospheric" refers to a pressure
condition such that about 0.5 to 2 kg/csz is exhibited at
flash zone of feed oil in the atmospheric distillation
apparatus. The atmospheric distillation enables
fractionating distillates whose boiling point is generally
15 not higher than about 350°C, depending on the temperature
of flash zone, and obtaining reduced crude as a column bottom
oil.
In the present invention, not only various types of
crude oils but also heavy oil and oils obtained by cracking
20 organic polymeric compounds such as coal, natural bitumen
and plastic can be used as the feed oil la. The light gas

contained in the atmospheric distillate 1b can be separated

and recovered 1f necessary.



contained in the atnospheric distillate I b can be separated and recovered
if necessary. SF-642PCT 11 The tenperature of the reduced crude 1c
wi t hdrawn from the atnospheric distillation apparatus is preferably in the
range of about 330 to 380C, still preferably 330 to 350C. Subsequently, the
reduced crudeSHMEBBCEWN fromthe 5 atnospheric distillation apparatus is
fed through piping 4 into vacuumdistillation apparatus 3 w thout being
heated. In the present invention, the tenperature of reduced crude
exhi bited when being fed into the vacuurqfii stillation apparatus, is
preferably | ower than that of the feed oil 10 being fed into the
at nospheric distillation apparatus, although depending on the tenperature
condition during the atnospheric distillation, is preferably 380C or
bel ow, still preféhablenB3ttursE8dG hamedopeidnatlige 330wioh868€n fidmi s
preferred that the tenperature of reduced crude be 15 as nentioned above,
because t he thee meimospdckiingdi hel édhtibs dppd dd thed i sThes feeducled iarttge i s
fed into the vacuumdistillation apparatus w thout being heated.
Therefore, itrasgaaif meewed330otpriti@e atill nacer deiweers Ithecagpo¥pheric
distillation 20 apparatus and the vacuumdistillation apparatus. However,
when a furnace is shibeadyentdy detde tBaupetr ekede RHLOEASSHWAY from the

5 atmospheric distillation apparatus is fed through piping

4 intovacuumdistillation apparatus 3 without being heated.

In the present invention, the temperature of reduced
crude exhibited when being fed into the vacuumdistillation
apparatus, is preferably lower than that of the feed oil

10 being fed into the atmospheric distillation apparatus,
although depending on the temperature condition during the
atmospheric distillation, is preferably 380°C or below,
still preferably 330 to 380°C, and optimally 330 to 350°C.
It is preferred that the temperature of reduced crude be

15 as mentioned above, because the thermal cracking thereof
is inhibited.

The reduced crude is fed into the vacuum distillation
apparatus without being heated. Therefore, it isnot needed
to provide a furnace between the atmospheric distillation

20 apparatus and the vacuumdistillation apparatus. However,
when a furnace is already provided, the petroleumprocessing

method of the present invention can be executed by feeding

the reduced crude into the vacuum distillation apparatus



met hod of the present invention can be executed by feeding the reduced
crude into the vacuumdistillation apparatus SF-642PCT 12 with heating only
for maintaining the tenperature of the reduced crude in the furnace. The
subsequent vacuumdistillation of reduced crude by a vacuumdistillation
col um can beSBe&d2BCTed under 5 conventional vacuumdistillation
conditions. Wth respect to the vacuum conditions enployed for the vacuum
distillation, when, for exanple, a vacuum distillation colum is used as
the vacuumdistillation apparatus and ng steamis introduced therein, it
is preferred 10 that the columm top pres %re be in the range of about 5 to
100 mmHg, especially about 5 to 20 nmmHg, and that the pressure at flash
zone of reduced oil be in the range of about 20 to 150 nmmHg, especially
about 20 to 50inhHgeaDiungngnihefowataimtaisthd| até onemss e £anobeche
introduced in the vacuum 15 distillation apparatus to thereby |ower the

partial presspeeucell oirlidel iint heepfeseaie.nvention, the reduced crude is
not heated, so that it can be introduced in the vacuum distillation

apparatus wit hout Buéfenbagqhienm vhenaml di20i LT ackoénd £ Thetefad e rthe
reduced crude is alnost free fromthe
by a vacuum distillation column can be performed under
5 conventional vacuum distillation conditions.

With respect to the vacuum conditions employed for the
vacuum distillation, when, for example, a vacuum
distillation column is used as the vacuum distillation
apparatus andno steamis introduced therein, it ispreferred

10 that the column top pressure be in the range of about 5 to
100 mmHg, especially about 5 to 20 mmHg, and that the pressure
at flash zone of reduced oil be in the range of about 20
to 150 mmHg, especially about 20 to 50 mmHg. During the
vacuum distillation, steam can be introduced in the vacuum

15 distillationapparatustotherebylowerthepartial pressure
of oil.

In the present invention, the reduced crude is not
heated, so that it can be introduced in the vacuum
distillation apparatus without suffering from thermal

20 cracking.

Therefore, the reduced crude is almost free from the
formation of olefins by thermal cracking and ensures a low
probability of coking before being introduced in the vacuum

distillation apparatus.



formation of olefins by thermal cracking and ensures a |ow probability of
coki ng before being introduced in the vacuum distillation apparatus.
SF-642PCT 13 Vacuumdistillate 1d as a distillate and vacuumresidue Ile
can be obtained fromthe vacuumdistillation apparatus. The vacuum
distillate (v3k©dPPOEs oil) obtained in the present invention is produced
by a vacuumdistillation of 5 reduced crude which has not undergone any
thermal cracking, so that the olefin content thereof is | ess than that of
the conventional vacuumdistillate. Theiff ore, the vacuum distillate
obtained in the present invention is nore stable than conventional vacuum
distillate having higher olefin 10 contents. The vacuumdistillate
obtained in the present invention is suitable for use as a feed oil in
such processes as Yaeuuf|diisd iddtedleyt d @sca dékicng,l ahpdrmot vackiimg esiddue
hydr odesul furi zation. 15 The content of nmetal conpounds and asphal tenes as
cat al yst poi sba dam bkeoheuneudisdn ithat eatsuexd 1 el yatsieh lappaangk lence the
vacuumdistillate is suitable for use as a feed oil in various processes
Wi t hout the need ofha veiceum 8o0stieMayengrddieum g3 &l ytminred thecwacuum
distillate obtained in the
present invention is produced by a vacuum distillation of
5 reduced crude which has not undergone any thermal cracking,
so that the olefin content thereof is less than that of the
conventional vacuum distillate. Therefore, the vacuum
distillate obtained in the present invention is more stable
than conventional vacuum distillate having higher olefin
10 contents.
The vacuumdistillate obtained inthepresent invention
is suitable for use as a feed o0il in such processes as the
fluid catalytic cracking, hydrocracking and
hydrodesulfurization.
15 The content of metal compounds and asphaltenes as
catalyst poisoninthevacuumdistillate isextremely small,
and hence the vacuum distillate is suitable for use as a
feed oil in various processes without the need of a step
for removing them.
20 Furthermore, the vacuum distillate obtained in the
present invention has a low olefin content as compared with
that obtained by heating reduced crude and conducting a

vacuum distillation thereof at high temperature. So that,

whentheVacuumdistillateobtainadinthepresentinvention



present invention has a low olefin content as conpared with that obtained
by heating reduced crude and conducting a vacuumdistillation thereof at
hi gh tenperature. So that, when the vacuumdistillate obtained in the
present invention SF-642PCT 14 is hydrotreated, the hydrogen consunption is
small with eS8B#d@PCTadvantage. Still further, the vacuumdistillate
obtained in the present invention is |light as conpared with that obtained
5 by heating reduced crude and conducting a vacuumdistillation thereof at
hi gh tenperature. Therefore, when it is ed as a feed oil in the above
cracki ng process, a conversion to lighter fractions is easy and efficient
with econom ¢ advantage. 10 In the present invention, substantially no
coking attributed to thermal cracking occurs because the reduced crude
wi t hout bei ngibheayddotsestibdectae tiydaogaouwandimgttiddratiiscormmalherefone, the
content of carbon residue in the vacuumresidue obtained in the present
invention i s soohbmliowatihahtbhe.vacuumresidue is suitable for use as a
fuel oil. Furthernore, in the present invention, the reduced crude does
not suffer from cokth@l Serthat, ithe sravaturl dkely 11kare cbkeihedataupéate to
the pi ping or the vacuum

present invention is light as compared with that obtained

5 Dbyheatingreducedcrudeandconductingavacuumdistillation
thereof at high temperature. Therefore, when it is used
as a feed o0il in the above cracking process, a conversion
to lighter fractions is easy and efficient with economic
advantage.

10 In the present invention, substantially no coking
attributed to thermal cracking occurs because the reduced
crude without being heated is subjected to a vacuum
distillation. Therefore, the content of carbon residue in
the vacuum residue obtained in the present invention is so

15 low that the vacuum residue is suitable for use as a fuel
oil.

Furthermore, in the present invention, the reduced
crude does not suffer from coking, so that it is not likely
for coke to accumulate to the piping or the vacuum

20 distillation apparatus. Therefore, shut down maintenance
for removing coke fouling to the apparatus is substantially
unnecessitated to thereby enable long-term continuous

operation. Although, for example, shut down maintenance

for the conventional vacuum distillation apparatus must



20 distillation apparatus. Therefore, shut down mai ntenance for renoving
coke fouling to the apparatus is substantially unnecessitated to thereby
enabl e | ong-term conti nuous operation. Although, for exanple, shut down
mai nt enance for the conventional vacuumdistillation apparatus nust

SF- 642PCT 15 greaepptTy be carried out at |east every 12 to 24 nonths
dependi ng on operation conditions, operation in the present invention can
be continued for a long termperiod of at least two years to thereby
realize a productivity increase. 5 Further, econom c advantage i s ensured
by a decreased frequency of shut down nt enance. The petrol eum
processi ng nethod of the present invention can be practiced by the use of
t he petrol eum processing apparatus conprising an atnospheric 10
distillation gpparalug hadcarvaedusudi ati llkatsitorvappanat us, 24 herpeig ol eum
processi ng apparatus not equi pped with any furnace between the atnospheric

distillation agpanaibg candpetheiyacannidiisdrid,| apeentapparatis. present
Alternatively, the petroleum processing nethod of the present invention

can 15 be prachi&£€i 8Y daepds@rafidiel pekrph eHNHIICEE S BE APRAr AL dist
conprising an atnospheric distillation part and a vacuum distillation part

integral Iy couphedesith: §aghe LRGN rebh€ 2Pl HRLBUMRRALES SIHRG ARRAT at US not
equi pped with any” furnace
5 Further, economic advantage is ensured by a decreased
frequency of shut down maintenance.

The petroleum processing method of the present
invention can be practiced by the use of the petroleum
processing apparatus comprising an atmospheric

10 distillationapparatusandavacuumdistillationapparatus,
the petroleum processing apparatus not equipped with any
furnace between the atmospheric distillation apparatus and
the vacuum distillation apparatus. Alternatively, the
petroleum processing method of the present invention can

15 bepracticedbytheuseof thepetroleumprocessingapparatus
comprising an atmospheric distillation part and a vacuum
distillation part integrally coupled with each other, the
petroleumprocessingapparatusnot equippedwithany furnace
for heating reduced crude between the atmospheric

20 distillation part and the vacuum distillation part. Still
alternatively, the petroleum processing method of the
present invention can be practiced by the use of the

conventional petroleum processing apparatus comprising an

atmospheric distillation apparatus and a vacuum



for heating reduced crude between the atnospheric 20 distillation part and
the vacuumdistillation part. Still alternatively, the petrol eum
processi ng nethod of the present invention can be practiced by the use of
the conventional petrol eum processing apparatus conprising an atnospheric
distillation SBid2BETs and a vacuum SF-642PCT 16 distillation apparatus,

t he petrol eum processi ng apparatus equi pped with a furnace between the

at nospheric distillation apparatus and the vacuumdi stillation apparatus,
provided that the furnace is used only {pr maintaining the tenperature 5
of the reduced crude. In this petrol eum processi ng nethod according to the
present invention, it is preferred that the obtained atnospheric
distillate be hydrotreated. It is also preferred that the obtained vacuum
distillate bedilethyderbdtraasmehrdiirs hehe adier ol pedcassospapparatus
distillate and vacuumdistillate may be hydrotreated all together.

Col | ecti ve hydgotf ppatirerth af utrhe catharsyrer tlte admstphkeatie diret i hlea vacoium
distillate is preferred to individual hydrotreatnents thereof fromthe

Vi ewpoi nt t hatpisreheshydd otreeaaentn dppatlalasioccadepysstand muantdéeq of
heat can be econom zed. In the present invention, the term nol ogy

“hydr ot r eat nenhat aorpf eheads ianysdd eal pEtrsmaintaining the temperature

S of the reduced crude.

In this petroleum processing method according to the
present invention, it is preferred that the obtained
atmospheric distillate be hydrotreated. It is also
preferred that the obtained vacuum distillate be

10 hydrotreated. Further, the obtained atmospheric
distillate and vacuum distillate may be hydrotreated all
together. Collective hydrotreatment of the atmospheric
distillate and the vacuum distillate is preferred to
individual hydrotreatments thereof from the viewpoint that

15 the hydrotreatment apparatus, catalyst and quantity of heat
can be economized. In the present invention, the
terminology "hydrotreatment” comprehends any treatments
accompanied by hydrogen combining reaction, such as
hydrogenation, hydrodesulfurization or hydrocracking.

20

Petroleum processing apparatus

The petroleum processing apparatus of the present

invention is an apparatus for fractionating a feed oil into



acconpani ed by hydrogen conbi ning reaction, such as hydrogenation,
hydr odesul furi zati on or hydrocracking. 20 Petrol eum processi ng appar at us
The petrol eum processi ng apparatus of the present invention is an
apparatus for fractionating a feed oil into SF-642PCT 17 atnospheric
distillate, We642RCTIstillate and vacuum residue, the apparatus
conprising: atnospheric distillation nmeans capabl e of separating a feed
oil into atnospheric distillate and reduced crude; 5 vacuumdistillation
means capabl e of separating the reduced pfude into vacuumdistillate and
vacuum resi due in vacuum condition; and a piping nean for directly feeding
the reduced crude into the vacuumdistillation neans. 10 One form of the
petrol eum processi ng apparatus of the present invention will now be
descri bed wi tdatneferente dbstfFigate, veacunol ddesiatadsphed vadiuswi || ation
colum (atnospheric distillation neans) 2, in which an atnospheric
distillation ofsipteheatled dpparatis| aomprperhgrnmed; vacuum 15 distillation
colum (vacuumdistillation nmeans) 3, in which a vacuumdistillation of
reduced crude | c obines syetce byc rEatsi 1 loft idre mebmesphpabte d Sisieldaatataima ol um
2 is perforned; and

a feed oil into atmospheric distillate and reduced crude;

5 vacuum distillation means capable of separating the
reduced crude into vacuum distillate and vacuum residue in
vacuum condition; and

a piping mean for directly feeding the reduced crude
into the vacuum distillation means.

10 One form of the petroleum processing apparatus of the
present invention will now be described with reference to
Fig. 1. It includes atmospheric distillation column
(atmosphericdistillationmeans) 2, inwhich an atmospheric
distillation of preheated feed 0il la is performed; vacuum

15 distillation column (vacuumdistillationmeans) 3, in which
a vacuum distillation of reduced crude lc obtained by means
of the atmospheric distillation column 2 is performed; and
piping 4 for directly feeding the reduced crude 1c into the
vacuum distillation coclumn (vacuum distillation means) 3.

20 The piping 4 for directly feeding the reduced crude
into the vacuum distillation means is one through which the
reducedcrude obtainedby the atmosphericdistillationmeans

is fed without passing any furnace into the vacuum

distillation means. The piping 4 may be fitted with



piping 4 for directly feeding the reduced crude Ic into the vacuum
distillation colum (vacuumdistillation neans) 3. 20 The piping 4 for
directly feeding the reduced crude into the vacuumdistillation neans is
one through which the reduced crude obtained by the atnospheric
distillation §Béd3PCIls fed without passing any furnace into the vacuum
distillation neans. The piping 4 may be fitted with SF-642PCT 18 peri pheral
units which do not apply heat treatnment to the reduced crude, such as
valve 5, a joint and a flow neter, and gtso may be fitted with heat
i nsul ation. The petrol eum processi ng apparatus of the present 5 invention
is one which fractionates a feed oil into atnospheric distillate, vacuum
distillate and vacuum residue. Thus, the apparatus does not need ancillary
facilities fopeaipbsphérieldsstliidatdomatobppiy saeh aseatmentetstrh@per
and punp-around, to thereby enable equipment 10 sinplification remarkably
as conpared wredtuthd appde atuschias wilcrg S,nat heiatnespherflowlinsttidt ati on
step, the atnospheric distillate is separated into fractions such as
napht ha, gasodndealkbghtyghs 6iktandwheaviregas ioishilahAd omenti oned above, the
petrol eum processi ng apparatus 15 of the present invention is not equi pped
with any furnace bDeéwsetrbbeuatppspbecstiagdapbhlrbaisonrappar atresettd t he
5 invention is one which fractionates a feed oil into
atmospheric distillate, vacuum distillate and vacuum
residue. Thus, the apparatus does not need ancillary
facilities for atmospheric distillation column, such as a
side stripper and pump-around, to thereby enable equipment
10 simplification remarkably as compared with the apparatus
in which, in the atmospheric distillation step, the
atmospheric distillate is separated into fractions such as
naphtha, gasoline, light gas o0il and heavy gas oil.
Asmentioned above, the petroleumprocessing apparatus
15 of the present invention is not equipped with any furnace
between the atmospheric distillation apparatus and the
vacuum distillation apparatus.
Therefore, the equipment cost relating to a furnace
canbe cut down, andsecuringthearea forinstallinga furnace
20 and for having a safety zone or the like around a furnace
is unnecessitated to thereby enable reducing the site area.
Further, thereducedcrudeis free fromthermal cracking

and coking to thereby enable obtaining a vacuum distillate

whose olefin and carbon residue contents are low. Also,



vacuum di stillation apparatus. Therefore, the equipnment cost relating to a
furnace can be cut down, and securing the area f or installing a furnace
20 and for having a safety zone or the like around a furnace is
unnecessitated to thereby enable reducing the site area. Further, the
reduced crudeSF-$42PEE from thermal cracking and coking to thereby enable
obtaining a vacuumdistillate whose olefin and carbon residue contents are
| ow. Al so, SF-642PCT 19 the fouling of coke to the apparatus can be reduced
to thereby enable |ong-term continuous eration. Moreover, the | ength of
pi pi ng connecting the atnospheric distillation apparatus and the vacuum 5
distillation apparatus can be greatly reduced as conpared wth that of the
conventional petrol eum processing apparatus equipped with a furnace
bet ween t he athedphdring of spikkeltat fba apapgparatsusaane tducebamdistdy | ati on
apparatus. In the present invention, the |ength of piping 10 connecting the
at nospheri c desebléatoog-appar abusiandushepevatdwm.di still ati on apparat us
can generally be in the range of about 5 to 50 m preferably about 5 to 30
m dependi ng on therscate, ofhéhéepgthobéupipiogessnngcappar ahws. This
piping length is extrenely small as conpared with about 50 15 to 100 m
general |y necessoéphedivheéhsthelneduaedppaudeukr amd the vacuum
5 distillation apparatus can be greatly reduced as compared
withthat of theconventional petroleumprocessingapparatus
equippedwitha furnace between the atmosphericdistillation
apparatus and the vacuum distillation apparatus.
In the present invention, the length of piping
10 connecting the atmospheric distillation apparatus and the
vacuum distillation apparatus can generally be in the range
of about 5 to 50 m, preferably about 5 to 30 m, depending
on the scale of the petroleum processing apparatus. This
piping length is extremely small as compared with about 50
15 to 100 m generally necessitated when the reduced crude from
the atmospheric distillation apparatus is fed through a
furnace into the vacuum distillation apparatus.
When the above piping length is small, the heat loss
of reduced crude between the atmospheric distillation
20 apparatus and the vacuum distillation apparatus can
favorably be reduced. Also, reductions of the piping
facility cost and the site area can favorably be attained.

In addition, in the petroleum processing apparatus of

the present invention, it is not needed to install a pump



the atnospheric distillation apparatus is fed through a furnace into the
vacuum di still ati on apparatus. Wen the above piping length is small, the
heat | oss of reduced crude between the atnospheric distillation 20
apparatus and the vacuumdi stillation apparatus can favorably be reduced.

Al so, reducti 8ARsH4a@PCThe piping facility cost and the site area can
favorably be attained. |In addition, in the petrol eum processi ng apparat us
of the present invention, it is not needed to install a punp SF-642PCT 20
bet ween the atnospheric distillation appabatus and the vacuumdistillation
appar atus because no furnace is provided:™™ In the prior art as shown in
Fig. 2, the reduced crude is heated by furnace 9 to thereby occasionally
cause the 5 pressure around the furnace of high tenperature to be higher

t han t he presbateecanotiheé pdmosphere ¢ e stadlicad cor udepdrsatwe taek avine f rom
the atnospheric distillation apparatus. This necessitates the installation

of punp 8 bet weenumatinasiphert iordaspakhatborcappa s fardaasd suacoiinnda.
distillation apparatus 3. Such a punp is not necessarily provided in the

present inventhonhelpsiat!lang 4® Hbwh ii5h FAkef err edebesausedt beugenps
facility cost can be cut down and the site area can be reduced. In the
petrol eum progesseAgbgpParabes of tihere¥SNtoccasionally cause the
5 pressure around the furnace of high temperature to be higher
than the pressure around part where the reduced crude is
withdrawn from the atmospheric distillation apparatus.
This necessitates the installation of pump 8 between
atmospheric distillation apparatus 2 and vacuum
10 distillation apparatus 3. Such a pump is not necessarily
provided in the present invention. Installing no pump is
preferred because the pump facility cost can be cut down
and the site area can be reduced.
In the petroleum processing apparatus of the present
15 invention, the amount of reduced crude fed into the vacuum
distillation apparatus can be controlled only by means of
valve 5. This is because not only is the internal pressure
of the vacuum distillation apparatus lower than that of the
atmospheric distillation apparatus but alsoc the pressure
20 drop at the piping is slight, so that only adjusting of the
valve enables feeding an appropriate amount of reduced crude
into the vacuum distillation apparatus.
Common apparatus for distilling reduced crude at a

reduced pressure can appropriately be used as the vacuum



15 invention, the anount of reduced crude fed into the vacuum distillation
apparatus can be controlled only by neans of valve 5. This is because not
only is the internal pressure of the vacuumdistillation apparatus |ower
than that of the atnospheric distillation apparatus but also the pressure
20 drop at th8F®¥HBPRE is slight, so that only adjusting of the valve
enabl es feeding an appropriate anount of reduced crude into the vacuum
distillation apparatus. Comon apparatus for distilling reduced crude at a
reduced pressure can appropriately be useg as the vacuum SF-642PCT 21
distillation apparatus in the present invention. The reduction of the
pressure within the vacuumdistillation apparatus can be perforned by the
use of common evacuator. As apparent from the above, in the present
invention, 53RdtLLtARE_N| aPRGURBPE IBetthee P rERedt nowsidrian -di el | ati on
apparatus and the vacuumdistillation apparatus, so that the equi pment
cost can be | aggderyient cfowne aneesmereiwethirahearmdan atisded. lation
Furthernore, the petrol eum processing apparatus can have its scal e reduced
and can al so #erabatiaptdd ibedres foameghyyftite lscabté eppaeataismaonteol and
enabl e | ow cost apparatus control. Furthernore, not only can the piping
provi ded between Aahartamwsphdrion thstilbdeti dm sppapat ssn@nchudre: vacuum
5 no furnace is equipped between the atmospheric distillation
apparatus and the vacuum distillation apparatus, so that
the equipment cost can be largely cut down and the site area
can be reduced. Furthermore, the petroleum processing
apparatus can have its scale reduced and can also be
10 simplified to thereby facilitate apparatus control and
enable low-cost apparatus control.
Furthermore, not only can the piping provided between
the atmospheric distillation apparatus and the vacuum
distillation apparatus be shortened but also a pump is not
15 necessarily equipped to thereby enable reducing the
equipment cost and the site area and further enable
facilitating apparatus control.
Still further, the petroleum processing apparatus of
the present invention enables obtaining vacuum distillate
20 from reduced crude at low cost. In addition, stable vacuum
distillate whose olefin and carbon residue contents are low
can be obtained by the use of the petroleum processing

apparatus of the present invention because reduced crude

is not heated therein.



distillation apparatus be shortened but also a punp is not 15 necessarily
equi pped to thereby enable reducing the equipnment cost and the site area
and further enable facilitating apparatus control. Still further, the
petrol eum processi ng apparatus of the present invention enabl es obtaining
vacuun1disti|55ﬁ@2péﬁ fromreduced crude at |ow cost. In addition, stable
vacuum di still ate whose ol efin and carbon residue contents are |ow can be
obtai ned by the use of the petrol eum processi ng apparatus of the present
i nvention because reduced crude is not heated therein. SF-642PCT 22 The
pt erol eum processi ng apparatus of the present invention may al so be an
apparatus of distillation colum structure for fractionating a feed oi
into atnospheric distillate, vacuumdistillate and vacuum resi due. 5 One
form of the petrol €ifh BFBERLSPRgPAPFEFALNg 2BBFFAItsISn§ fa tdies tHing stiton
colum structure of the present invention is as shown in Fig. 3. Referring
to Fig. 3, theNdPBELPNARRBREY? tath a8t PORREREUSACE ot ki hat Bemospheni ¢
distillation nmeans 2' arranged at 10 an internal upper part thereof and
vacuum di sti | fariehuneafisr3tractangediag an fiegceaidl indwer jrarsphdisreof .
Referring further to Fig. 3, the atnospheric distillation neans 2'
distillate, vacuum distillate and vacuum residue.

5 One form of the petroleum processing apparatus
comprising a distillation column structure of the present
invention is as shown in Fig. 3.

Referring to Fig. 3, the distillation column structure
A comprising atmospheric distillation means 2' arranged at

10 aninternal upper part thereof and vacuumdistillation means
3' arranged at an internél lower part thereof. Referring
further to Fig. 3, the atmospheric distillation means 2'
comprising a feed oil inlet 10, an atmospheric distillate
outlet 11 and a reduced crude outlet 12. The vacuum

15 distillation means 3' comprising a reduced crude inlet 13,
a vacuum distillate outlet 14, a vacuum residue outlet 15
and a vacuum device connecting port 16. And the reduced
crude outlet 12 of the atmospheric distillation means 2
coupled through a piping 4 with the reduced crude inlet 13

20 of the vacuum distillation means 3'.

This piping 4 is one through which the reduced crude
obtainedbytheatmosphericdistillationmeansis fedwithout
passing any furnace intothe vacuumdistillationmeans. The

piping 4 may be fitted with peripheral units which do not



conprising a feed oil inlet 10, an atnospheric distillate outlet 11 and a
reduced crude outlet 12. The vacuum 15 distillation nmeans 3' conprising a
reduced crude inlet 13, a vacuumdistillate outlet 14, a vacuum residue
outlet 15 and a vacuum devi ce connecting port 16. And the reduced crude
outlet 12 of $HE4&EBspheric distillation means 2' coupled through a
piping 4 wwth the reduced crude inlet 13 20 of the vacuumdistillation
means 3'. This piping 4 is one through which the reduced crude obtained by
t he atnospheric distillation neans is feggw thout passing any furnace into
the vacuum di stillation neans. The piping 4 may be fitted with peripheral
units which do not SF-642PCT 23 apply heat treatnment to the reduced crude,
such as valve 5, a joint and a flow nmeter, and_also may be fitted with
heat insul atidPlYn¢de HFRIERENT nbRnthdntedHerd chigde ofSUGhe i Hee 4
coupling the reduced crude outlet 12 with the 5 reduced crude inlet 13 of
the vacuum di3tid|30invh b BUow Rg%evougH d aliss mfepdifdifig tav thietscal e
of the apparatus, can generally be in the range of about 5 to 50 m
preferably dpoat B13WLBOLR - | At fhe pEEFBhEURNPEDBELSSEI nghapparat uw Hf
distillation 10 columm structure conprising the atnospheric distillation
means 2' and the Rdapinmmidreupliagi ohe metiscd! cagogjsl edtlet 12 with the

5 reduced crude inlet 13 of the vacuum distillation means 3',
although varies depending on the scale of the apparatus,
can generally be in the range of about 5 to 50 m, preferably
about 5 to 30 m.

Inthispetroleumprocessing apparatus of distillation

10 column structure comprising the atmospheric distillation
means 2' and the vacuum distillation means 3' coupled
together soas to formone body, the atmosphericdistillation
means 2' enables performing the atmospheric distillation
for fractionating a feed oil into atmospheric distillate

15 and reduced crude under the same conditions as in the
atmospheric distillation step of the petroleum processing
method of the present invention. Further, inthispetroleum
processing apparatus, the vacuum distillation means 3'
enables performing the aforementioned customary vacuum

20 distillation under the same conditicns as in the vacuum
distillation step of the petroleum processing method of the
present invention.

This petroleum processing apparatus according to the

present invention comprises the atmospheric distillation



together so as to formone body, the atnospheric distillation neans 2
enabl es perform ng the atnospheric distillation for fractionating a feed
oil into atnospheric distillate 15 and reduced crude under the sane
conditions as in the atnospheric distillation step of the petrol eum
processing nek948P6T the present invention. Further, in this petrol eum
processi ng apparatus, the vacuumdistillation neans 3' enables performng
t he af orenmentioned customary vacuum 20 distillation under the sane
conditions as in the vacuum distillatiopgstep of the petrol eum processing
met hod of the present invention. This petrol eum processi ng apparat us
according to the present invention conprises the atnospheric distillation
SF- 642PCT 24 means and the vacuumdjstillation neans coupl ed together so

as to form onBeRBEYINI ot fiaf2FhHET G Bhbal Tk IRARSERREY €4 o g lea
extent. In the petrol eum processing apparatus of distillation 5 colum
structure conpPids {§ EPFBSPIePreYdi §pitilatk itbe rbbhALred canded mrdueed
i nternal upper part thereof and vacuum distillation neans arranged at an
i nternal |owekcpargreherestensecording to the present invention, the
reduced crude obtained by the atnospheric distillation neans, w thout 10
bei ng heated, is f&udtihetpetheleanuumckssing aprerae@nsf distillation
S5 column structure comprising atmosphericdistillation means
arranged at an internal upper part thereof and vacuum
distillationmeansarrangedataninternal lower part thereof
according to the present invention, the reduced crude
obtained by the atmospheric distillation means, without
10 being heated, is fed into the vacuum distillation means,
so that no furnace is equipped between the atmospheric
distillation means and the vacuum distillation means.
A pump is not necessarily equipped between the
atmospheric distillation means and the vacuumdistillation
15 means because no furnace is provided therebetween.
Further, there is no furnace provided, so that the
reduced crude does not suffer from coking in a furnace.
Therefore, the fouling of coke to piping and vacuum
distillation units can be suppressed to thereby enable
20 long-term continuous operation.
Still further, there is no furnace provided, so that

it is not needed to supply energy for heating the reduced

crude.



so that no furnace is equi pped between the atnospheric distillation neans
and the vacuumdistillation nmeans. A punp is not necessarily equi pped
between the atnospheric distillation means and the vacuumdistillation 15
means because no furnace is provided therebetween. Further, there is no
furnace provi 86®42B6Tt hat the reduced crude does not suffer from coking in
a furnace. Therefore, the fouling of coke to piping and vacuum
distillation units can be suppressed to thereby enable 20 | ong-term
continuous operation. Still further, thepg is no furnace provided, so that
it is not needed to supply energy for heating the reduced crude. SF-642PCT
25 Moreover, the piping connecting the atnospheric distillation neans and
the vacuumdistillati on means can, be shortened, so that not only can the
piping facility codPreBBEFedhBEdPRRENS SONNRE tHES thEs & WISl ock@rs at the
5 introducing of reduced crude into the vacuumdistillation part can be
mnimzed to Bheféby2EAghl BEBRF| 2RENERG VHSrBrdd figl VEebimm disans | @@fon.
The petrol eum processi ng apparatus of the present invention enables

reduci ng the BetEaftened Sokbatmeborady Tandie RéRéadehadl &5t ¥a®?$t ng out

appar atus construction at
be reduced but also the heat loss which occurs at the

5 introducing of reduced crude intc the vacuum distillation
part can be minimized to thereby enable efficiently
performing vacuum distillation.

The petroleum processing apparatus of the present
invention enables reducing the site area as aforementioned

10 and hence enables carrying out apparatus construction at
low cost.

Further, vacuumdistillatecanbeobtained fromreduced
crude at low cost by the use of the petroleum processing
apparatus of the-present invention. Still further, vacuum

15 | distillate whose olefin and carbon residue contents are low
can be obtained by the use of the petroleum processing
apparatus of the present invention.

Moreover, in the present invention, apparatus control
canbe facilitatedbyeffectinganapparatussimplification.

20
EXAMPLES

Thepresent inventionwill furtherbeillustrated below

with reference to the following Examples which in no way

limit the scope of the invention.



| ow cost. Further, vacuumdistillate can be obtained fromreduced crude at
| ow cost by the use of the petrol eum processing apparatus of the present
invention. Still further, vacuum 15 distillate whose ol efin and carbon

resi due contents are |ow can be obtained by the use of the petrol eum
processi ng aﬁﬁéﬁaFGE of the present invention. Mreover, in the present

i nvention, apparatus control can be facilitated by effecting an apparatus
sinplification. 20 EXAMPLES The present invention will further be
illustrated below with reference to the pgll owi ng Exanpl es which in no way
limt the scope of the invention. SF-642PCT 26 Exanple 1 Crude oil la
(crude name: Arabian light) was preheated to 349 - C. The preheated crude
oil la was fed into atnospheric 5 distillation pilot apparatus 2, in which
an atnospheric distillation was perforned. Reduced crude |Ic was w t hdrawn
fromthe bottom of _the atnpspheric distillation pilot apparatus 2. The
tenperat ure of theEffPRYBadn reduced crude |c was 348C. The properties of

this reduced crude Ic are 10 listed in Table 1.
Crude oil la (crude name: Arabian light) was preheated

to 349°C. The preheatedcrudeoil lawas fed intoatmospheric
5 distillation pilot apparatus 2, in which an atmospheric

distillation was performed. Reducedcrude1cwasvdthdrawn

from the bottom of the atmospheric distillation pilot

apparatus 2. The temperatureof thewithdrawn reduced crude

lc was 348°C. The properties of this reduced crude lc are
10 listed in Table 1.

Subsequently, the obtained reduced crude lc was
introduced in vacuum distillation pilot apparatus 3. The
temperature of the reduced crude lc being introduced was
348°C. A vacuum distillation was carried out by the vacuum

15 distillation pilot apparatus 3 under conditions specified
in Table 1. Thus, vacuum gas oil 1d and vacuum residue le
were obtained. The boiling point range of the vacuum gas
0il 1d was 289.7 - 561.9C. The properties of the obtained
vacuum gas 01l 1d are listed in Table 2.

20 A schematic view showing the process constitution of

this Example is given in Fig.‘l.

Comparative Example 1




Subsequently, the obtained reduced crude Ic was introduced in vacuum
distillation pilot apparatus 3. The tenperature of the reduced crude |Ic
bei ng i ntroduced was 348C. A vacuumdistillation was carried out by the
vacuum 15 disg#%h2ghﬁP pi |l ot apparatus 3 under conditions specified in
Tabl e 1. Thus; va gas oil 1d and vacuumresidue le were obtained. The
boiling point range of the vacuumgas oil 1d was 289.7 - 561.9C The
properties of the obtained vacuumgas oil 1d are listed in Table 2. 20 A
schematic view showi ng the process constpyution of this Exanple is given
in Fig. 1. Conparative Exanple 1 SF-642PCT 27 The same at nospheric
distillation as in Exanple 1 was perfornmed. The thus obtained reduced

crude I c was fed hr ough a . piping i.ntg.a fyrnace 9, in which the reduced
crude was heat ed %%eiﬁg%?afﬁ%%%ﬁ%?@f{8Pﬁ§lﬁé§Fé8nr%ﬁdﬁb&xéﬁﬁééfé YRS
introduced in_a_vacuumdistillatio il ot apparatus 3. Subsequently, a
vacuun1distil?%f¥8ﬁmﬁgg 5@??0??%% %Vgahﬁﬁﬂsr%@uFﬁé Qééﬁﬂnﬂéiﬁﬁﬁlﬁéﬁgon

pi | ot apparatug 3 under, conditions specified in Table 1, thereby obtaining
vacuum gas of P*9U9RAP VRLREMY &S fE Nase TheprBpehttihesretuehd cngde

obt ai ned vacuum gas oi| are I%fted in Table 2. A schematic view show ng the
process Constw%%éhqﬁFQﬁ to 430C., Thereafter, the heated reduced crude

3 was introduced in a vacuum distillation pilot apparatus 3.
Subsequently, a vacuum distillation was performed by
means of the vacuum distillation pilot apparatus 3 under
conditions specified in Table 1, thereby obtaining vacuum
gas oil 1d and vacuum residue le. The properties of the

10 obtained vacuum gas oil are listed in Table 2.
A schematic view showing the process constitution of

this Comparative Example is given in Fig. 2.



this Conparative Exanple is given in Fig. 2. SF-642PCT 28 Table 1 Exanple
1Conp. Ex. 1 Reduced crude feed rate (liter/h)2.02.0 density

(kg/ nB) 962. 4962. 4 total sulfur (w.9% 3.163.16 Conradson Carbon Resi due
(mﬁ.@©9.019.0§ %ﬁa& Ejon condition colum top pressure (nmtHg) 10.010.0 fl ash
zone pressure F‘ ? 0.020.0 introduction Hart tenp. (C)348430 flash zone
tenp. (C) 323408 Energy consunption in furnace0182 (kcal/h) 5 Table 2
Exanpl e 1Conp. Ex. 1 Vacuumgas oil fraction Runoff rate (liter/h)0.61.4

Density (kg/nB)903.0933.6 Total sulfur (®8.9% 2.162.70 Conradson Carbon
Resi due (wt. % 0. 150. 60

Table 1
Example 1 Comp. Ex. 1
Reduced crude
feed rate (liter/h) 2.0 2.0
density (kg/m3) 962.4 962. 4
total sulfur {(wt.$%) 3.16 3.16
Conradson Carbon Residue (wt.%) 9.01 8.01
Operation condition
column top pressure (mmHg) 10.0 10.0
flash zone pressure (mmHg) 20.0 20.0
introduction part temp. (C) 348 430
flash zone temp. (C) 323 408
Energy consumption in furnace 0 182
(kcal/h)
5 Table 2
Example 1 Comp. Ex. 1
Vacuum gas oil fraction
Runoff rate (liter/h) 0.6 1.4
Total sulfur (wt.$%) 2.16 2.70
Conradson Carbon Residue (wt.%) 0.15 0.60
Bromine number (gBrp/100q) 1.4 5.6




Br om ne nunber (gBr2/1008)1.45.6 SF-642PCT 29 | NDUSTRI AL APPLI CABILITY A
sinplified petrol eum processi ng nethod by which vacuumdistillate (vacuum
gas oil) is obtained fromreduced crude without the need to heat the
reduced crude F%g BE 5 provided by the present invention. Further, in the
pr esent i nvent %, the reduced crude does not suffer from ther mal
cracking with the result that stable vacuumdistillate whose olefin
content is |low can be obtained. Still further, coking does not occur, so
that the fouling of coke to apparatus 102¢s slight to thereby enable

| ong-term continuous operation of a petrol eum processi ng appar at us.

Mor eover, a petrol eum processi ng apparatus by which vacuumdistillate can
be obtained at | ow cost from uced i ut the need to equip
any furnace for heating the 1§Q5£5 ggfc9ﬂ§%£gﬁﬁ¥%iggpheral units thereof
can be provided bé t he Engsegt invention. The site area can be reduced in
accordance with the SHRBrHFTLESt PEA LR e PAPFESRLAY MRS bk Wiskels42pCT

30 What is clained kf: 1. A(Eetroleun1proqesslng met hod for fractionating
vacuum distillate (vacuumgas oil) is obtained from reduced

crude without the need to heat the reduced crude can be

5 providedby the present invention. Further, inthe present
invention, the reduced crude does not suffer from thermal
crackingwith the result that stable vacuumdistillate whose
olefincontent islowcanbeobtained. Still further, coking
does not occur, so that the fouling of coke to apparatus

10 is slight to thereby enable long-term continuous operation
of a petroleum processing apparatus.

Moreover, a petroleum processing apparatus by which
vacuumdistillate canbe obtainedat lowcost fromthe reduced
crude without the need to equip any furnace for heating the

15 reduced crude and peripheral units thereof can be provided
by the present invention. The site area can be reduced in
accordance with the simplification of the apparatus

structure.



a feed oil into atnospheric distillate, vacuumdistillate 5 and vacuum
resi due, the petrol eum processing nethod conprising the steps of: (i)
perform ng an atnospheric distillation of a feed oil to thereby attain a
separation th% %gggjq;o at nospheric distillate and reduced crude; and 10
(11) subjecti é- educed crude to a vacuum distillation w thout heating
to thereby attain a separation thereof into vacuumdistillate and vacuum
residue. 2. The petrol eum processing nethod as clained in 15 claiml1,
wherein the reduced crude being fed into3phe vacuumdi stillation step has a
tenperature which is lower than that of the feed oil being fed into the

at nospheric distillation step. 20 3. The petrol eum processi ng net hod as
claimed in claiml, or .2,, wherein the reduced crude is fed into the vacuum
distillation $£&5 at glfﬁﬂﬁﬁfdfﬁre of not higher than 380' C. SF-642PCT 31
4. The petrol eum processing nethod as clainmed in any of clains 1 to 3,
wherein the atnospheric distillate is hydrotreated. 5 5. The petrol eum

processing nethod as clained in any of clains 1 to 4, wherein the vacuum
distillate is hydgotré%ﬁgﬁgoleunlproce531ng'method for fractionating

a feed o0il into atmospheric distillate, vacuum distillate
5 and vacuum residue, the petroleum processing method
comprising the steps of:

(i) performing an atmospheric distillation of a feed
oil to thereby attain a separation thereof into atmospheric
distillate and reduced crude; and

10 (ii) subjecting the reduced crude to a vacuum
distillationwithout heating to thereby attain a separation

thereof into vacuum distillate and vacuum residue.

2. The petroleum processing method as claimed in

15 claim1l, wherein the reduced crude being fed into the vacuum
distillation step has a temperature which is lower than that

of the feed oil being fed into the atmospheric distillation

step.

20 3. The petroleum processing method as claimed in
claiml or 2, wherein the reduced crude is fed into the vacuum

distillation step at a temperature of not higher than 380°C.



6. The petrol eum processing nethod as clainmed in any 10 of clains 1 to 3,
wherein the atnospheric distillate and the vacuumdistillate are
hydrotreated all together. 7. The petrol eum processing nethod as clainmed in
any of clains %§§? §T wherein the vacuumresidue is hydrotreated. 15 8. A
petroleun1pro§ ’é'ﬁ apparatus for fractionating a feed oil into

at nospheric distillate, vacuum distillate and vacuum resi due, the
petrol eum processi ng apparatus conprising: 20 atnospheric distillation
means capabl e of separating a feed oil Bhto atnospheric distillate and
reduced crude; vacuumdistillation neans capable of separating the reduced
crude into vacuumdi stillate and vacuumresidue in vacuum condition; and
SF- 642PCT 32 ‘a pi pj ng %%“p%% %hﬁ%}é’cé%f'ﬁ@%e%%of SQ%%%‘%IHF&A’% ipgo the
vacuum di stillation means, 9. A& petrol eum proctessi ng apparatus 0
distillation col um structure.for .fractiaonating a .fee i, into

at nospheric d?gtF?FéPs,ivgguﬁﬁlHP&FFHP&% “a Wﬂﬁﬁ%ﬁﬁlqwéi%hh%l$m% 1S
distillation colu structure conprising atnospheric distillation neans
arranged at aﬁyFﬁggFﬁﬁFe pper

5 5. The petroleum processing method as claimed in any
of claims 1 to 4, wherein the wvacuum distillate is

hydrotreafed.

0. The petroleum processing method as claimed in any
10 of claims 1 to 3, wherein the atmospheric distillate and

the vacuum distillate are hydrotreated all together.

7. The petroleum processing method as claimed in any

of claims 1 to 6, wherein the vacuum residue is hydrotreated.

15
8. A petroleum processing apparatus for
fractionatinga feedoil intoatmosphericdistillate, vacuum
distillate and vacuum residue, the petroleum processing
apparatus comprising:
20 atmospheric distillation means capable of separating

a feed oil into atmospheric distillate and reduced crude;
vacuum distillation means capable of separating the
reduced crude into vacuum distillate and vacuum residue in

vacuum conditiocn; and



10 part thereof and vacuumdistillation neans arranged at an internal |ower
part thereof, the atnospheric distillation neans conprising a feed oi
inlet, an atnospheric distillate outlet and a reduced crude outlet, 15 the

vacuun1disti|EPQM@queans conprising a reduced crude inlet, a vacuum
distillate out a vacuum residue outlet and a vacuum devi ce connecti ng
port, the reduced crude outlet of the atnospheric distillation neans
coupl ed through a piping nean with the 20 reduced crude inlet of the
vacuum di stillation means. 10. The petroBéum processi ng apparatus as
claimted in claim8 or 9, which is not equipped with any furnace for
heating the reduced crude. SF-642PCT 33 11. The petrol eum processi ng

apparatus as clai medoj hng@nye o &lAidE & 419, %@e@@yg$@hbsrg8ﬁ gquippgd with

no punp for transferring the reduced crude. he petrol eum procCessing
apparatus as ¢hapmede b@c ¥ %Es%w¥q9%ﬁ1‘“%é§5 wherein the piping mean
t he

coupling the reduced crude outl et atnospheric distillation neans
coupled with the reduced crude inlet of the vacuum 10 distillation neans
has a length of not greater than 50 m

9. A petroleum processing apparatus of distillation

5 column structure for fractionating a feed oil into
atmospheric distillate, vacuum distillate and vacuum
residue,

the distillation column structure comprising
atmosphericdistillationmeans arrangedataninternal upper

10 part thereof and vacuum distillation means arranged at an
internal lower part thereof,

the atmospheric distillation means comprising a feed
0il inlet, an atmospheric distillate outlet and a reduced
crude outlet,

15 the vacuum distillation means comprising a reduced
crude inlet, a vacuum distillate outlet, a vacuum residue
ocutlet and a vacuum device connecting port,

the reduced crude outlet of the atmospheric
distillation means coupled through a piping mean with the

20 reduced crude inlet of the vacuum distillation means.

10. The petroleum processing apparatus as claimed
in claim 8 or 9, which is not equipped with any furnace for

heating the reduced crude.
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11. The petroleum processing apparatus as claimed
in any of claims 8 to 10, which is not equipped with no pump

for transferring the reduced crude.

12. The petroleum processing apparatus as claimed
in any of claims 8 to 11, wherein the piping mean coupling
the reduced crude outlet of the atmospheric distillation
means coupled with the reduced crude inlet of the vacuum

distillation means has a length of not greater than 50 m.



