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(57) Abstract: In a broad aspect the present disclosure relates to a process plant and a process for upgrading a hydrocarbon mixture,
withdrawn as a direct stream from a crude distillation unit and an initial boiling point below 200°C, and a fraction of at least 5%
boiling above 500°C, 550°C or 650°C comprising the steps of a. directing said hydrocarbon mixture to a vacuum flasher unit, b.
withdrawing a heavy hydrocarbon fraction from said vacuum flasher unit, ¢. withdrawing a light hydrocarbon mixture for hydro -
crackingtrom said vacuum flasher unit, d. directing said light hydrocarbon mixture for hydrocracking and a stream rich in hydrogen
to con- tact a material catalytically active in hydrocracking, e. withdrawing a hydrocracked stream of hydrocarbon from said hydro -
cracker. with the associated benefit of limiting the amount of asphaltenes, metals and other heavy components contacting said mater -
ial catalytically active in hydrocracking.



10

15

20

25

30

WO 2016/096982 PCT/EP2015/079987

Title: Process for conversion of a hydrocarbon stream

The invention relates to a process for upgrading a wide
range of crude o0il fractions to a middle distillate frac-

tion.

For refineries having a moderate production volume it is
common to reduce the complexity of the crude distillation
unit, and thus to reduce the investment in fractionation
egquipment. However, as demonstrated by the present disclo-
sure the proper selection of the streams to be upgraded may
provide a more optimal balance between the capital cost,

the operating cost and the operating income.

Traditionally a crude o0il is separated into distillate
fractions and a residue stream in a crude distillation
unit. The residue stream comprising heavy hydrocarbons can
be hydrotreated in a residue hydrotreater, in which het-
eroatoms are removed from the hydrocarbons, which thus are
converted to fuel oil. The stream comprises some unreactive
hydrocarbons which requires a high residence time to be hy-
drotreated, and thus the reactor required for such residue
hydrotreatment becomes very large. Also traditionally, the
residue stream can be further separated in a vacuum distil-
lation unit into one or more vacuum gas o0il streams (VGO)
and a vacuum residue. The vacuum gas o0il streams are then
typically further processed in hydrocracking or fluid cata-
lytic cracking units. Such a vacuum distillation unit has a
high investment and operating cost and provides a high sep-

aration efficiency.
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According to the present disclosure a process for conver-
sion of a poorly separated stream comprising heavy hydro-
carbons into middle distillate is proposed. The process re-
ceives a heavy feed as a direct draw from the crude distil-
lation unit. By nature, such a direct draw from the crude
distillation unit will consist of a wide range of materi-
als, from which the heavy tail is separated by means of a
vacuum flasher unit. The effect of using a vacuum flasher
unit is that the least reactive hydrocarbons requiring a
high residence time to be hydrotreated, and possibly hy-

drocracked are removed from the downstream reactions.

In the present context a crude distillation tower shall be
construed as a distillation tower receiving crude o0il,
which may be pre-treated e.g. by desalting, and separating
it according to boiling point by means of distillation. The
typical crude distillation tower receives a feed stream at
elevated temperatures. The receiving zone is called a flash
zone where the feed is separated in a gas and liquid frac-
tion to allow liquid product to flow down towards the bot-
tom and gaseous product to drift upwards. At higher posi-
tions the temperature is lower, allowing selective conden-
sation according to boiling point. The product withdrawn at
various positions in the crude distillation tower (a direct
draw) will be defined as having a boiling point correspond-
ing to the temperature at that position, or lower. To pro-
vide a more specific fraction the gas of the direct draw is

stripped off.

In the present context an overflash stream is a stream
withdrawn as a direct draw above the flash zone of a crude

distillation tower, which is directed to a lower position
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in the crude distillation tower. The gas in the overflash
Stream is not stripped off, and the overflash stream will
often include entrained feed. Therefore the overflash
stream will typically have a very broad boiling point
range, typically from less than 200°C to above 500°C, 550°C

or even 650°C.

In the present context a vacuum flasher unit may either be
a simple flash drum separating two phases under sub-
atmospheric pressure or it may be a more advanced separa-
tion tower operating under sub-atmospheric pressure and
comprising multiple trays, packing or other specific sepa-
ration aids, thus enabling separation in several product
fractions, such as a diesel stream, a vacuum gasoil stream

and a residual fraction.

In the present context the term fluid communication shall
be construed as any substantial unhindered connection be-
tween two process elements, including but not limited to
the connection via tubes, via the same side of heat ex-
changers, but excluding the connection through a catalyst

filled reactor or means of separation.

In the present context the unit Nm’/m’ shall indicate the
volume of gas (in normal cubic meters, i.e. cubic meters at
0°C and 1 bar) per volume of ligquid (in standard cubic me-

ters, i.e. cubic meters at 15°C and 1 bar).

As it is known to the skilled person a hydrocracker may be
operated at high or low severity, which is defined by the
combination of catalytically active material, temperature

and pressure. At high severity a higher fraction of the
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feed is hydrocracked, and typically to lower hydrocarbon.
The skilled person will be able to configure the operation
of the hydrocarbon to a desire process outcome, e.g. the

maximum boiling point of the product.

In a broad form the present disclosure relates to a process
for upgrading a hydrocarbon mixture, withdrawn as a direct
stream from a crude distillation unit and having an initial
boiling point below 200°C, and a fraction of at least 5%
boiling above 500°C, 550°C or above 650°C comprising the
steps of

a. directing said hydrocarbon mixture to a wvacuum
flasher unit,

b. withdrawing a heavy hydrocarbon fraction from
said vacuum flasher unit,

c. withdrawing a light hydrocarbon mixture for hy-
drocracking from said vacuum flasher unit,

d. directing said light hydrocarbon mixture for hy-
drocracking and a stream rich in hydrogen to con-
tact a material catalytically active in hy-
drocracking,

e. withdrawing a hydrocracked stream of hydrocarbon
from said hydrocracker.

with the associated benefit of providing a stream for con-
tacting said material catalytically active in hydrocracking
with a limited amount of asphaltenes, metals and other
heavy components. The provision of such a stream will also
result in a relatively low consumption of hydrogen in the
hydrocracker and moderate requirements to residence time

and pressure during the hydrocracking reactions.
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More specifically the hydrocarbon mixture, withdrawn as a
direct stream from a crude distillation unit has a fraction
boiling above 650°C of at least 5% comprising the steps of

a. directing said hydrocarbon mixture to a wvacuum
flasher unit,

b. withdrawing a heavy hydrocarbon fraction from
salid vacuum flasher unit,

c. withdrawing a light hydrocarbon mixture for hy-
drocracking from said vacuum flasher unit,

d. directing said light hydrocarbon mixture for hy-
drocracking and a stream rich in hydrogen to con-
tact a material catalytically active in hy-
drocracking,

e. withdrawing a hydrocracked stream of hydrocarbon
from said hydrocracker.

with the associated benefit of limiting the amount of as-
phaltenes, metals and other heavy components contacting

said material catalytically active in hydrocracking.

In a further embodiment said hydrocarbon mixture is with-
drawn as an overflash stream or a part of the overflash
stream from the crude o0il distillation unit with the asso-
ciated benefit of an overflash stream being available as a
stream already drawn from the crude distillation unit. Typ-
ically, the overflash stream is withdrawn and then returned
to the distillation tower at another location to enhance
the separation in the tower. According to the present dis-
closure either all or some of the overflash stream may be

directed for further processing.

In a further embodiment the hydrocarbon mixture directed to

said vacuum flasher unit has a temperature of at least
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250°C, 300°C or 380°C, with the associated benefit of this
temperature being sufficiently high for directing a signif-
icant amount of the hydrocarbon mixture into the light hy-
drocarbon phase, directed to the material catalytically ac-
tive in hydrocracking. Typically, the overflash stream is

received hot from the crude distillation unit, and no fur-

ther heating is required.

In a further embodiment the hydrocarbon mixture directed to
said vacuum flasher unit has a temperature of less than
450°C, 420°C or 400°C, with the associated benefit of this
temperature being sufficiently low for separating the least
reactive residual hydrocarbons from the hydrocarbon mixture

for hydrocracking.

In a further embodiment the pressure of said vacuum flasher
unit is below 60 kPa, 80 kPa or 90 kPa with the associated
benefit of the low pressure allowing a significant amount
of the hydrocarbon mixture into the light hydrocarbon
phase, directed to the material catalytically active in hy-

drocracking.

In a further embodiment the pressure of said vacuum flasher
unit is above 0.5 kPa, 2 kPa or 10 kPa with the associated
benefit of separating the least reactive residual hydrocar-

bons from the hydrocarbon mixture for hydrocracking.

In a further embodiment the hydrocarbon mixture is directed
to said vacuum flasher unit at substantially the tempera-
ture at which it was withdrawn, with the associated benefit

of avoiding equipment for heating or cooling the stream,
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while maintaining control over the vacuum flasher unit

through the pressure of that unit.

In a further embodiment the process comprises the steps of
adding steam to said vacuum flashing unit or stripping the
light hydrocarbon mixture, with the associated benefit of
an improved separation of the overflash feed, and thus re-
ducing the amount very light hydrocarbons in the light hy-

drocarbon mixture.

In a further embodiment the process further comprises the
step of withdrawing a further hydrocarbon mixture of which
at least 80% boils between 150°C and 360°C from said vacuum
flasher unit, with the associated benefit of said stream
being suitable for being combined with the hydrocracked
stream of hydrocarbon to be used as a diesel fuel or a die-

sel component.

In a further embodiment the material catalytically active
in hydrocracking comprising a metal component selected from
Group VIII and/or VIB of the Periodic System and being sup-
ported on a carrier containing one or more oxides taken
from the group consisting of alumina, silica, titania, sil-
ica-alumina, molecular sieves, zeolites, ZSM-11, ZSM-22,
4SM-23, ZSM-48, SAPO-5, SAPO-11, SAPO-31, SAPO-34, SAPO-41,
MCM-41, zeolite Y, ZSM-5, and zeolite beta, with the asso-
ciated benefit of such materials being higly active in hy-

drocracking.

In a further embodiment the reaction step in the presence
of a material catalytically active in hydrocracking is car-

ried out a temperature between 200°C and 460°C,
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a pressure between 15 and 200 barg,

a liquid hourly space velocity between 0.2 hr™* and 5 hr*,
and a hydrogen to hydrocarbon ratio between 100 and 2000
Nm°/ m°, with the associated benefit of such process condi-

tions being higly active in hydrocracking

In a further embodiment the hydrocracking is carried out
under a severity ensuring less than 5% of the product boil-
ing above 360°C, with the associated benefit of providing a
product which fulfills ASTM D86 requirements to diesel af-
ter a simple removal of light ends by e.g. a diesel strip-

per.

A further aspect of the present invention relates to a pro-
cess plant comprising a crude oil distillation column hav-
ing an inlet, multiple distillation outlets, an overflash
outlet and an overflash inlet, a vacuum flash unit having
an inlet a gas outlet, a VGO outlet and a resid outlet and
a hydrocracking reactor containing a material catalytically
active in hydrocracking having an inlet and an outlet, said
process plant being configured for directing a crude o0il to
the inlet of the distillation column, for said overflash
outlet being configured for withdrawing a hydrocarbon mix-
ture stream in fluid communication with the inlet of wvacuum
flash unit, the VGO outlet of said vacuum flash unit being
in fluid communication with the inlet of the hydrocracking
reactor, the inlet of said hydrocracking reactor being fur-
ther in fluid communication with a hydrogen source and the
outlet of said hydrocracking reactor being configured for
withdrawal of a stream boiling in the diesel range or the

naphtha range optionally for further processing, with the
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associated benefit of such a process plant being highly a

cost effective configuration for increased fuel production.

In a further embodiment said vacuum flash unit comprises a
means of separation aids such as column packing or trays,
and further has a diesel fraction outlet, with the associ-
ated benefit of making it possible to direct the diesel
fraction in the overflash stream around the hydrocracker to

reduce the yield loss from hydrocracking.

Figure 1 shows a process according to the present disclo-

sure.

Figure 1 shows one embodiment of the present disclosure, in
which a stream from the crude o0il distillation unit (100)
is directed to a vacuum flash unit (102) from which a heavy
bottoms (104) is withdrawn, which is dominated by the frac-
tion boiling above 480°C. The overhead (106) fraction is
directed to a surge drum (108) from which a hydrocracker
feed (110) is directed to a hydrocracker section. The hy-
drocracker feed will be dominated by hydrocarbons contain-
ing only a small amount of residue boiling above 480°C, and
thus only small amounts of metals and other heteroatoms
which typically are present in the heavy fraction. The hy-
drocracker feed (112) is combined with a hydrogen rich
stream (114) heated by feed effluent heat exchange (116)
with the hydrocracked product (118) and in a further heat
exchange (120), before being directed to the hydrocracking
reactor (122). The product of the hydrocracker (118) is
cooled in the feed effluent heat exchanger (116) and com-
bined with washing water (124) before the product hydrocar-

bon mixture (126) is separated from the sour water (128)
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and the recycle gas (132) in a cold separator (130). The
recycle gas (132) is pressurized (in 134)and combined with
make up hydrogen (136)forming the hydrogen rich stream
(114).

Figure 2 shows a further embodiment of the present disclo-
sure, in the form of a process in which a crude oil feed-
stock 2 is directed to crude o0il distillation tower 4,
which separates the feedstock into a number of products 8
based on boiling point. The crude o0il distillation tower 4
is configured for withdrawal of an overflash stream 6 to
enhance the separation by addition of the overflash to a
lower column position. The overflash stream for conversion,
which may be all or a part of the overflash stream 12 is
directed to a vacuum flash unit 14 from which a heavy bot-
toms sStream 16, a gas stream 18, a diesel stream 20 and a
VGO stream 22 are withdrawn. The VGO stream 22 is directed
as a hydrocracker feed 26 to a hydrocracking section op-
tionally via a stripper, a surge drum 24 and a pre-heater
34. The hydrocracker feed 26 will be dominated by hydrocar-
bons boiling below 480°C, containing only a small amount of
residue boiling above 480°C, and thus only small amounts of
metals and other heterocatoms which typically are present in
the heavy fraction, and which cause a high hydrogen con-
sumption. The hydrocracker feed 26 is combined with a hy-
drogen rich stream 30 before and/or after heating the
stream by feed effluent heat exchange with the hydrocracked
product in heat exchanger 34 and in possibly further heated
, before being directed to the hydrocracking reactor 32.
The product of the hydrocracker is cooled in the feed ef-
fluent heat exchanger 34 and in a cooler (not shown) before

the product hydrocarbon mixture 40 is separated from the
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recycle gas 44 in a cold separator 38. The recycle gas 44
is circulated and combined with make up hydrogen 46 forming
the hydrogen rich stream 30. By configuration of the sever-
ity operating conditions of the hydrocracker, the extent of
reaction may be defined such that the hydrocracker product
fulfills the boiling point criteria for diesel, and thereby
only a separator for removal of a light fraction of the

product.

This configuration allows the severity of hydrocracking to
be moderate, since residual hydrocarbons are not directed

to hydrocracking. This has the benefit that metals and as-
phaltenes are not directed to hydrocracking, and thus can-
not deactivate the catalytically active material. In addi-
tion a lower pressure and lower residence time (and thus a
smaller reactor and a lower amount of catalytically active
material) may be employed, which has significant cost sav-
ings. In addition, if the process is configured for bypass-
ing a fraction such as the diesel fraction 20 the size of

the hydrocracking reactor may be reduced further.

The configurations shown in Figure 1 and Figure 2 are opti-
mized for diesel production, but as it will be evident to
the skilled person, the operation of the hydrocracker may
easily be altered for maximizing the production either of
hydrocarbons boiling in the naphtha ranges or of hydrocar-
bons for a lubricantbas oil. In these cases the diesel
stream 20 withdrawn from the vacuum flasher unit according
to Figure 2 may be omitted, it may be directed to a diesel
unit, or alternatively the vacuum flasher unit may be con-
figured for this lighter hydrocarbon stream to be boiling

in the desired range.
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Figure 3 shows an eguivalent process according to the prior
art. Here a crude o0il feedstock 2 is directed to crude oil
distillation tower 4, which separates the feedstock into a
number of products 8 based on boiling point. The crude oil
distillation tower 4 is configured for withdrawal of an
overflash stream 6 to enhance the separation by addition of
the overflash to a lower column position. The overflash
stream for conversion, which may be all or a part of the
overflash stream 12 of the crude oil distillation column is
directed via a surge drum 24 as a hydrocracker feed 26 to a
hydrocracker reactor 32, together with a hydrogen stream
30. The hydrocracked product 36 is separated in a cold sep-
arator 38 from which the light stream forms a recycle gas
44, which is combined with a make up hydrogen stream 46,
and a stream of ligquid hydrocarbon feed 26. The heavy
stream 40 from the separator 38 is directed to a fractiona-
tor 48 from which a light fraction 52, diesel 50 and uncon-

verted 0il 54 may be withdrawn.

While it appears advantageous to avoid the cost of the wvac-
uum flasher unit, the configuration of Fig.3 has the draw
back relative to the configuration of Fig.2 of a larger hy-
drocracking reactor, which due to the presence of residual
hydrocarbons is required to work under more severe condi-
tions. In addition it will not be realistic to operate the
hydrocracking process to a maximum boiling point due to the
heavy end of the feed, and therefore a more complex frac-
tionation is required. Finally the more severe conditions
will result in a higher yield loss of intermediately boil-

ing hydrocarbons, such as diesel components.
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Examples

In the following an example of processing an overflash
stream according to one embodiment of the present disclosur
an example of processing an overflash stream according to

the prior art are given.

The feed studied in the two examples is shown in Table 1.
It is an overflash stream, which is immediately available
from the crude distillation tower, and which has a very
broad boiling point range, as determined by simulated dis-
tillation according to ASTM 7500. The reason for the broad
boiling point range is an entrainment of heavy hydrocarbons
from the crude feed and that the light components were not

stripped from the product.

Mass $% Temperature [ °C]
IBP (SimDis 1%) 160
5 290
10 320
20 360
30 380
40 395
50 405
60 415
70 450
80 490
90 530
95 600
EP (SimDis 99%) 710

Table 1
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Example 1

In a first example according to the present disclosure,
shown in Table 2, corresponding to Figure 2, an overflash
stream is directed to a vacuum flasher, separating the in-
let in a diesel fraction, a VGO fraction and a residual
fraction. The VGO fraction is directed to the hydrocracker
process, which is operated under a severity such that all
VGO is hydrocracked to form diesel or lighter products, re-
sulting in a total of 82022 kg/h diesel production with-
drawn from the vacuum flasher in stream 28 or the hy-

drocracker after separation in stream 40.

The diesel yield, hydrogen consumption and equipment cost

of Example 1 are defined as index 100.

Example 2

A second example according to the prior art, corresponding
to Figure 3, is also shown in Table 2. Here the overflash
stream is not separated further prior to hydrocracking. The
hydrocracking process was designed according to a limita-
tion of constant hydrogen consumption, relative to Example
1, which results in the feed capacity being only 41% of the
feed to Example 1, since the hydrocracking of heavy resid
results in a high consumption of hydrogen. In addition the
volume of the hydrocracker reactor and the amount of cata-
lyst required are increased, and the requirements to equip-
ment due to the elevated pressure will also be higher. The
fractionator required to separate the products will also be
more complex and energy intensive than the vacuum flasher
required to split the feed in Example 1. All in all the

egquipment cost is estimated as 133% relative to example 1.
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Example 2 results in only 50% diesel yield at the same hy-
drogen consumption, and at 133% the equipment cost. Had
further hydrogen been available, it would have been possi-
ble to increase the diesel yield, but the hydrogen consump-
tion and the equipment cost would have increased signifi-

cantly.

It is therefore clear from the two examples that even
though the overflash stream had undergone some separation
before being withdrawn from the crude distillation column,
the benefit from further separating the overflash in a vac-
uum flash unit is significant and clearly justifies the ex-

tra cost of the vacuum flash unit.
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Table 2
Example 1 Example 2
Vacuum to- Overflash directly
wer to hydrocracker
Overflash feed kg/h 179892 74108
Diesel fraction kg/h 45940
from vacuum
flasher
Volume to hy- kg/h 56153 74108
drocracker
Total diesel pro- | kg/h 82022 40802
duction
Hydrocracker p atm 140 175
(start of run)
Diesel Index 100 50
Hydrogen consump- Index 100 100
tion
Cost Index 100 133
Cycle length years 2 2




10

15

20

25

30

WO 2016/096982 PCT/EP2015/079987

17

Claims:

1. A process for upgrading a hydrocarbon mixture, with-

2.

3.

4

drawn as a direct stream from a crude distillation
unit and having an initial boiling point below 200°C,
and a fraction of at least 5% boiling above 500°C,
550°C or above 650°C comprising the steps of

a. directing said hydrocarbon mixture to a wvacuum
flasher unit,

b. withdrawing a heavy hydrocarbon fraction from
said wvacuum flasher unit,

c. withdrawing a light hydrocarbon mixture for hy-
drocracking from said vacuum flasher unit,

d. directing said light hydrocarbon mixture for hy-
drocracking and a stream rich in hydrogen to con-
tact a material catalytically active in hy-
drocracking,

e. withdrawing a hydrocracked stream of hydrocarbon

from said hydrocracker.

A process according to claim 1 in which said hydrocar-
bon mixture is withdrawn as an overflash stream or a
part of the overflash stream from a crude oil distil-

lation unit.

A process according to claim 1 or 2 in which the hy-
drocarbon mixture directed to said vacuum flasher unit

has a temperature of at least 250°C, 300°C or 380°C.

. A process according to claim 1, 2 or 3 in which the

hydrocarbon mixture directed to said vacuum flasher
unit has a temperature of less than 450°C, 420°C or

400°C.
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A process according to claim 1, 2, 3 or 4 in which the
pressure of said vacuum flasher unit is below 60 kPa,

80 kPa or 90 kPa.

. A process according to claim 1, 2, 3, 4 or 5 in which

the pressure of said vacuum flasher unit is above 0.5

kPa, 2 kPa or 10 kPa.

. A process according to claim 1, 2, 3, 4, 5 or 6 in

which the hydrocarbon mixture is directed to said vac-
uum flasher unit without at substantially the tempera-

ture at which i1t was withdrawn.

. A process according to claim 1, 2, 3, 4, 5, 6 or 7

further comprising the steps of adding steam to said
vacuum flashing unit or stripping the light hydrocar-

bon mixture.

. A process according to claim 1, 2, 3, 4, 5, 6, 7 or 8

further comprising the step of withdrawing a hydrocar-
bon mixture of which at least 80% boils between 150°C

and 360°C from said vacuum flasher unit.

A process according to claim 1, 2, 3, 4, 5, 6, 7, 8
or 9 in which the material catalytically active in hy-
drocracking comprising a metal component selected from
Group VIII and/or VIB of the Periodic System and being
supported on a carrier containing one or more oxides
taken from the group consisting of alumina, silica,
titania, silica-alumina, molecular sieves, zeolites,

ZSM-11, ZSM-22, ZSM-23, ZSM-48, SAPO-5, SAPO-11, SAPO-
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31, SAPO-34, SAPO-41, MCM-41, zeolite Y, ZSM-5, and

zeolite beta.

A process according to c¢laim 1, 2, 3, 4, 5, 6, 7, 8,
9 or 10 in which the reaction step in the presence of
a material catalytically active in hydrocracking is
carried out a temperature between 200°C and 400°C,

a pressure between 15 and 200 barg,

a liquid hourly space velocity between 0.2 hr™ and 5
hr_l,

and a hydrogen to hydrocarbon ratio between 100 and

2000 Nm°/ m°.

A process according to claim 11 in which the hy-
drocracking is carried out under a severity ensuring

less than 5% of the product boiling above 360°C.

A process plant comprising a crude oil distillation
column having an inlet, multiple distillation outlets,
an overflash outlet and an overflash inlet, a vacuum
flash unit having an inlet, a gas outlet, a light hy-
drocarbon outlet and a residual hydrocarbon outlet and
a hydrocracking reactor having an inlet and an outlet,
and containing a material catalytically active in hy-
drocracking,

said process plant being configured for directing a
crude o0il to the inlet of the distillation column,

for said overflash outlet being in fluid communication
with the inlet of the wvacuum flash unit,

the light hydrocarbon outlet of said vacuum flash unit
being in fluid communication with the inlet of the hy-

drocracking reactor,



10

15

WO 2016/096982 PCT/EP2015/079987

14.

20

the inlet of said hydrocracking reactor being further
in fluid communication with a hydrogen source

and the outlet of said hydrocracking reactor being
configured for withdrawal of a stream boiling in the

diesel range optionally for further processing.

A process plant according to claim 12 in which said
vacuum flash unit further comprises a means of separa-
tion aids such as column packing or trays, and has at
least one further hydrocarbon fraction outlet, in
which said vacuum flash unit is configured for the
further hydrocarbon fraction to have lower boiling

point than above said light hydrocarbon outlet.



WO 2016/096982

1/3

Fig.1

201

PCT/EP2015/079987

ZZL

i1




WO 2016/096982 2/3 PCT/EP2015/079987

Q
v

-
S
I

!
:

:
4

0| o Q/ ©

-

(Il

-

s0]

4
o—" ] —}/co 0

Fig. 2




WO 2016/096982 3/3 PCT/EP2015/079987

%\\: 8‘\1 g/\f
()
)
e
¢ 5
< <t
5 O
/ »
_\J —
%ﬁ\
(=2
H{ e
& -3
[aP) y
\ g’\\,
0
o ﬁii ]
o
\—'\

4 3 4

00— | 00\00\ —}/co ©
T T

e




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/079987

A. CLASSIFICATION OF SUBJECT MATTER

INV. C10G47/16 C10G7/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C10G

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 4 148 759 A (HILFMAN LEE)
10 April 1979 (1979-04-10)
column 5, lines 13-30

Distillation",

CHEMISTRY,

207-223, XP002754732,
Internet

page 218; figure 3

17 January 1983 (1983-01-17)
A abstract; figure 1

A ALFKE, G., IRION, W. W. AND NEUWIRTH, O.
S: "0il Refining, 3.1. Crude 0il

ULLMANN'S ENCYCLOPEDIA OF INDUSTRIAL
15 January 2007 (2007-01-15), pages

DOI: 10.1002/14356007.al18 051.pub?2

X JP S58 7485 A (TOA NENRYO KOGYO KK)

1-14

13,14
1-12

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 March 2016

Date of mailing of the international search report

11/03/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Galleiske, Anke

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/079987

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 4 717 468 A (FUNK GARY L [US])

5 January 1988 (1988-01-05)

column 3, lines 26-29

US 2009/288984 Al (COLYAR JAMES J [US] ET
AL) 26 November 2009 (2009-11-26)
paragraph [0025] - paragraph [0030];
figure 1

US 3 175 966 A (BURCH WARREN E)

30 March 1965 (1965-03-30)

column 4, lines 53-63; figure 1

1-14

1-14

1-14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2015/079987
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4148759 A 10-04-1979  NONE
JP $587485 A 17-01-1983  JP S587485 A 17-01-1983
JP 56249917 B2 21-10-1987
US 4717468 A 05-01-1988  NONE
US 2009288984 Al 26-11-2009 CA 2719968 Al 26-11-2009
CN 102037100 A 27-04-2011
KR 20110020827 A 03-03-2011
PL 215287 Bl 29-11-2013
RU 2010151943 A 27-06-2012
US 2009288984 Al 26-11-2009
WO 2009141703 A2 26-11-2009
US 3175966 A 30-03-1965  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

