(19) AUSTRALIAN PATENT OFFICE

(11) Application No. - AU 2003250003 B2

(54)  Title
Method for high-temperature distillation of residual o0il in a 1limited time
(51)8  International Patent Classification(s)
C10G 9,28 (2006.01) s8BMEP C10G
C10G 70,04 (2006.01)70-/04
Cc1loG 9,28 200601014LI2005100
20060101AFI2005100 8BMEP
PCT-EP2003-007377
(21) AppliCatiOn No: 2003250003 (22) AppliCatiOn Date: 2003 07 09
(87)  WIPO No:  wog4 056942
(30) Priority Data
(31 Number (32) Date (33) Country
102 59 450.3 2002 .12 .19 DE
(43) Publication Date : 2004 07 14
(43)  Publication Journal Date :  ,gp4 g 19
(71) Applicant(s)
Lurgi Lentjes AG
(72) Inventor(s)
Heurich, Helmut, Weiss, Hans-Jurgen, Zentner, Udo
(74) Agent/Attorney
FISHER ADAMS KELLY, Level 29 Comalco Place 12 Creek Street, Brishane, QLD, 4000
(56)  Related Art
DE 199 59 G587
EP D 832 962
Us 6 413 415
WEISS H ET AL: "COKING OF RESIDUE OILS BY THE LR-PROCESS" ERDOL UND KOHLE
ERDGAS PETROCHEMIE, INDUSTRIEVERLAG VON HERNHAUSSEN. LEINFELDEN, DE, wvaol
no. 6, 1 June 1989 (1989-06-01), pages 235-237

42,

-




(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

19) Weltorganisation fii istiges Eigentum
e B 00 O 00 00 OO
(43) Internationales Veriffentlichungsdatum (10) Internationale VerMentlichungsnummer

8. Juli 2004 (08.07.2004) PCT WO 2004/056942 Al

(51) Internationale PaleniKlassifikation’; C10G 9/28, [DE/DE]; Mithlenweg 41, 61440 Oberursel (DE). ZENT-
70104 NER, Udo |DE/DE][; Brucknerstr. 9, 64347 Griesheim
(DE). HEURICH, Helmut | DE/DE]; An der [Leimenkaut
(21) Internationales Akt ichen: PCT/EP2003/007377 21, 61352 Bad Ilomburg (DE).
(22) Internationales A ldedatum: (74) Gemeinsamer Vertreter: LURGI AG; Lurgiallee 5,
9. Iuli 2003 (09.07.2003) 60295 I'rankfurl am Main (D).
(25) Kinreichungssprache: Deutsch  (81) Bestin en (rational): AR, AG, AL, AM, AT,

AT, A7, BA, BB, BG, BR, BY, B7, CA, CIT, CN, CO, CR,

(26) VerblTentlichungssprache: Deutsch CU, CZ, DI, DK, DM, DY, BC, 1L, 1S, VL GB, GD, Gl
GH, GM, HR, HU, D, 11, IN, 1S, JP, KT, KG, KP. KR,
(30) Angaben zur Prioritit: KZ LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK,
102594503 19. Dezember 2002 (19.12.2002) DE MY, MW, MX, MZ, NI, NO, N7, OM, PG, PH, PL, PT,
RO, RU, SC, $D, ST, 8G, SK, SL, SY, TJ, TM. TN, TR,
(71) Anmelder (fiir alle Besti gsstaaten mit Ausnahme von TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.
U/S): LURGI AG [DE/DE]; Luzgiallee 5, 60295 Frankfurt
am Main (DL). (84) Bestim taaten (regionalj: ARIPO-Patent (GH,
GM, KT, 1., MW, M7, SD, SL, $7, T7, UG, 7M, ZW),
{72) Erfinder; und eurasisches Patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(75) Erfinder/Anmelder (nur fiir US): WEISS, Hans-Jiirgen TM), européisches Patent (AT, BE, BG, CH, CY, CZ, DL,

[Fortsetzung auf der niichsten Seite]

(54) Title: METHOD FOR HIGH-TEMPERATURE DISTILLATION OF RESIDUAL OIL IN A LIMITED TIME

(54) Bezeichnung: VERIAHREN ZUR HOCHTEMPLRATUR-KURZZEIT-DLSTILLATION VON RUCKSTANDSOL

56942 A1 [

(57) Abstract: T'he invention relates to a method for a high-temperature distillation of risidual oil in a limited time. "T'he inventive
@ method is improved by a technically simple recovery of a small residual fraction from a gas and/or oil vapour mixture produced
= Dy amixing unit (1). Said small residual fraction contains large quantity of undesirable polluting catalytic substances (CCR, Ni. V,
asphaltenes). For this purpose, the gas and/or oil vapour mixture produced by the mixing unit (1) is dissolved with gas or water vapour
& ina tower (17) at a temperature of 450 °C in such a way that a high-hoiling point fraction which has a high content of the pollutant
@ substances and whose initial boiling point is higher than 450 °C is condensed and extracted. Another improvement of the method
o consists in introducing a non-condensed oil produced in the tower (17) into a fractionating tower (19) where said oil is decomposed
in order to produce a depressurised dicsel fraction having a low content of the polluting substances and a gasoline/diesel fraction.
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(57) Znsammentassung: Ein Verfahren zur [lochtemperatur-Kurzzeit-Destillation von Riickstandstlen wird dahingehend verbes-
serl, dass von dem Gas/Oldampl-Gemisch aus dem Mischwerk (1) eine kleine Riickstands [raktion aul technisch einfache Weise ge-
wonnen wird, in der die unerwiinschien Katalysator-Schadsioffe (CCR, Ni, V, Asphallene) weilgehend aufkonzentirert sind. Thierszu
wird das in einem Mischreaktor (1) erzengte Gas/Oldampf-Gemisch in einer Kolonne (17) soweit mit Gas oder Wasserdampf ver-
diinnt, dass bei unter 450°C eine schwer siedende schadstofthaltige lraktion mit einem Siedebeginn iiber 450°C: kondensiert und
abgezogen wird in der die Schadstofle weilgehend aufkonzentriert sind. Nach einer weileren Verbesserung wird das nicht konden-
sierte Produktd] aus Kolonne (17) einer I'raktionier-Kolonne (19) zugefishrt, in der es in eine schadstoffarme Vakuum Gasd] sowie
in eine Benzin/Gasol-lraktion zerlegt wird.
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Method for a high temperature short-time distillation of residual oil

Description

The invention relates to a method for high temperature short-time distillation of a
residual oil originating from the processing of crude petroleum, natural bitumen or oil
sand, wherein in a mixing apparatus the residual oil is mixed with granular hot coke as
heat transfer medium, is converted into oil vapour, gas and coke, and gases and
vapours are eVacuated from the mixing apparatus while being substantially separated
from the granular coke, gases and vapours are cooled down and a product oil in form of
condensate as well as gas is produced and wherein the coke, which has been
evacuated from the mixing apparatus, is heated again and returned into the mixing
apparatus as a heat transfer medium.

Methods of this type are described in DE-C-19724074 as well as in DE-A-19959587.
These methods are characterized in that the produced product oil contains pollutants,
such as heavy metals (nicke!, vanadium), Conradson carbon residue (CCR) as well as
asphalteries in comparison to the used residual oil only in a highly reduced
concentration. This is Eighly advantageous for a subsequent catalytic conversion of the
product oil fraction, the boiling point of which is higher than about 360°C, to benzine and
gas oil in a Fluidized Catalytic Cracker (FCC). However, if the catalytic conversion of
these heavy product oil fractions shall take place in a hydrocracker, the contents of
pollutants of the catalyst have to be further reduced because of the higher requirements
thereof.

According to experience, the remaining pollutants are concentrated in the highest
boiling fraction of the product oil. Thus, a reduction of the poliutants can be principally
achieved by a subsequent vacuum distillation of the product oil, that boils above 360°C,
in which a pollutant bearing vacuum residue (VR) and an almost pollutant free vacuum
gas oil (VGO) are obtained. A disadvantage of this method is that a vacuum distillation
requires a high technical effort and can only be carried out up to certain overlapping
boiling temperatures of VGO and VR in the range comprised between about 500 and
560°C. This leads to a big amount of pollutant bearing VR, which can be converted in
the FCC installation but not in a hydrocracker.
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On the base of this state of the art, it is the object of the invention to improve the
method for high temperature short-time distillation of residual oils, such that a residual
fraction, which is as small as possible and in which the undesirable catalyst pollutants
are mainly concentrated, can be obtained from the product oil in a technically simple

way.

According to the invention this aim is achieved in that a highly poliutant bearing residual
fraction of the vapour product oil from the mixing apparatus is mixed with water vapour
or gas in order to reduce the partial pressure and is then condensed at temperatures
beneath 450°C in a column and is extracted while being separated from the other
product oil. Afterwards, the non condensed product oil vapours from the column can be
introduced into a fractionating column, in which the remaining product oil, that has a low
content of pollutants, is decomposed into a VGO and & benzine/gas oil fraction (e.g.

gasoline/gas oil fraction).

The invention makes use of the fact that all of the preduct oil is in a vapour state at the
exit of the mixing apparatus and can be decomposed into the desired fractions by a
fractionating condensation. For reducing the portion of highly pollutant bearing VR, the
overlapping boiling range of VGO and VR has to be fixed as high as possible in a range
comprised between 450°C and 650°C, such that the separated VR fraction contains
more than 60% of the Conradson carbon residue (CCR), which is still contained in the
product ail vapours, more than 70% of the heavy metals nickel (Ni) and vanadium (V),
which are still contained in-the product il vapours, as well as more than 80% of the
asphaltenes, which are still contained in the product oil vapours.

Since condensed oil fractions would quickly decompose or coke at temperatures above
450°C, the partial pressure of the oil fractions to be separated is reduced by introducing
water vapour or gas into the column, such that a heavy condensate having an initial
boiling point above 450°C condenses there at temperatures beneath 450°C. The
condensation of VGO having a low content of pollutants (initial boiling point of about
360°C; final boiling point of 450 to 650°C) and the- benzine/gas oil fraction (boiling range
of Cs up to about 360°C) can then be carried out in a second condensation stage at
correspondingly lower temperatures. The thus obtained VGO having a low content of

pollutants can then be catalytically converted into benzine and gas oil in a hydrocracker
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and the heavy condensate can either be returned into the mixing reactor or be

differently used, for example as heavy fuel oil.

Possible realizations of the method are exemplarily described by means of the drawing.

Herein:

Fig. 1 is a flow chart of the method.

In Fig. 1 a heat transfer medium coke having a temperature comprised between 500
and 700°C is introduced from collecting bin (2) via pipe (3) into a mixing reactor (1).
Simultaneously, residual oil having a temperature comprised between 100 and 400°C is
introduced via pipe (4) into the mixing reactor (1). During mixing, a conversion
temperature of the mixture comprised between 450 and 600°C is reached. The heat
transfer medium coke in the mixing reactor (1} usually has a grain size in the order of
0.1 to 4 mm, such that an extensive separation of the coke from the gases and oil
vapours generated in the mixing apparatus takes place at the exit of the mixing

apparatus.

The mixing apparatus (1) comprises at least two intermeshing screws, which rotate in
the same direction. The screws are of the type of a feed screw and have coiled

conveyor paddles.

The hot, substantially oil free, granular coke leaves the mixing reactor (1) at the mixing
apparatus exit with a temperature comprised between 450 and 600°C and falls through
a channel (7) into a post-degasifying bin (8), into the lower part of which a strip gas (9)
can be introduced. Residual gases and vapours can escape upwards from the post-
degasifying bin (8) through channel (7). Excess coke is extracted via pipe (2a), wherein
a part of the coke can also be extracted via pipes (12a). The coke from pipe (12) runs
over a pneumatic conveyor (10), which is provided with combustion air via pipe (5) and
with fuel via pipe (6), intosthe coilecting bin {2). During the upwards conveyance by
means of the pneumatic conveyor (10) a part of the coke and/or the introduced fuel is
simultaneously burned. The coke, which has been heated in the pneumatic conveyor

(10), reaches the collecting bin (2), from which exhaust gas is evacuated via pipe (11).
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The coke in the collecting bin (2) has temperatures comprised between 500 and 700°C.

The gaseous and vapourous products of the mixing reactor (1) are introduced via pipe
(13) into a cyclone (14). Here, a separation of the fine coke particles takes place, which
run via pipe (15) into the post-degasifying bin (8).

The gaseous and vapourous products flow from cyclone (14) through pipe (16) into a
column (17), where they are quenched and thus cooled down from 450 through 600°C
to 350 through 450°C.

Returned Cs product gas from vessel (23} or water vapour is introduced via pipe (24a)
into the head of column (17). This reduces the partial pressure of the vapour product oil
to such an extend that a heavy oil fraction having an initial boiling point between 450
and 650°C, in which nearly all pollutants are concentrated, condenses there at 350 —
450°C. Decomposition or coking of the condensed oil is thus prevented. The column is
preferably a quench cooler with a downstream multi-venturi washer, in which the gases
and vapours originating form the mixing reactor (1) are very efficiently cooled in a
parallel fiow and residual breeze is washed out with its own condensate. But other

apparatuses can also be used for this purpose.

For reducing the portion of heavy oil having a high content of pollutants, the overlapping
boiling range of VGO and VR is set ata temperature as high as possible and comprised
between 450 and 650°C. This is achieved by introducing gas or water vapour into the
head of column (17) via pipe (24a) and by cooling the gases and vapours by means of
cooled heavy oil condensate from pipe {27a). The heavy oil condensate having a
temperature comprised between 350 and 450°C is extracted from the basin of column
(17) via pipe (27), cooled down to the required temperature in a heat exchanger (25)
and partially returned as cooling/washing medium tc the head of column (17). The other
part of the heavy oil condensate is extracted as product via pipe (27b). The heavy oil
condensate from pipe (27b) can afterwards either be returned to the mixing reactor (1)

or be differently used, for example as heavy heating oil."

The non condensed gas/oil vapour mixture is extracted from the lower part of column
(17) via pipe (18). According to another realization of the invention, it can be introduced
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into a fractionating column (19). There, the remaining product oil is separated into VGO
having a low content of pollutants and a pollutant free benzine/gas oil fraction. The VGO
having a final boiling point of 450 — 650°C is extracted via pipe (21) from the bottom of
the fractionating column (19). The thus obtained VGO can afterwards be catalytically
converted into benzine and gas oil in a non represented hydrocracker. The remaining
gas/oil vapour mixture from the head of the fractionating column (19) is cooled in
condenser (22) via pipe (20) and separated in vessel (23) into a benzine/gas oil fraction
having a boiling range of e.g. Cs - 380°C ‘and a C, gas. The benzine/gas oil fraction is
extracted via pipe (26) and partially returned to the head of the fractionating column (19)
via pipe (26b). The remaining benzine/gas oil mixture is evacuated as product via pipe
(26a).

Non condensed C4 gas is evacuated upwards from vessel (23) via pipe (24) and parily
returned into column (17) via pipe (24a) and partly extracted as product via pipe (24b).

Example

100 t/h residual oil having a temperature of 300°C are introduced into the mixing reactor
(1) via pipe (4). 75 t/h gas/oil vapour mixture having a temperature of 550°C are
introduced from mixing reactor (1} via pipe {13) into a cyclone (14) for dedusting. The
remaining 25 t/h coke, together with heat transfer medium coke, are introduced via pipe
{7) into the post-degasifying bin (8).

The gas/oil vapour mixture is routed from cyclone (14) via pipe (16) into a column (17},
where it is diluted with gas and cooled down from 550°C to 425°C. For this, column (17)
is provided with 43 t/h C4 gas from pipe (24a} and 55 th cooled heavy oil condensate
having a temperature of 380°C from pipe (27a).

65 tih heavy oil condensate having an initial boiling point of 600°C are extracted via
pipe (27) from the bottom of column {17} and cooled down from 425°C to 380°C in a
heat exchanger (25). Afterwards, 55 t/h cocled heavy oil condensate arereturned to the
head of column (17) via pipe (27a) and 10 t'h are extracted as product via pipe (27b).
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108 t/h non condensed gas/oil vapour mixture are introduced from the lower part of
column (17) via pipe (18) into a fractionating column (19). 40 th VGO having a low
content of pollutants and a temperature of 350°C are extracted from the bottom of the
fractionating column (19) via pipe {21). The remaining 68 t'h gas/oil vapour mixture are
extracted from the head of the fractionating column (19) via pipe (20), cooled down to
43°C in a condenser (22), introduced into vessel (23) and separated there into a liquid
benzine/gas oil fraction having a boiling range of Cs — 360°C and a C4 gas. 53 th C4
gas are extracted via pipe (24) and 43 t/h thereof are returned into the head of column
{17) via pipe (24a). The remaining 10 t/h Cy gas are extracted as product via pipe (24b).
Furthermore, 15 th benzine/gas oil mixture are extracted as product via pipe (26a).

In a single-stage condensation according to the state of the art, one would obtain 50 th
residue having an initial boiling point of 360°C instead of 10 t/h heavy ol condensate
having an initial boiling point of 600°C. Even with an extensive vacuum distillation, one
cauld only obtain 20 th VGO having a low content of pollutants and a boiling range
comprised between 360 and 510°C from the residue according to the state of the art.
However, according to this invention, 40 th VGO having a low content of poliutants and
a boiling range comprised between 380 and 600°C, i.e. the double quantity, can be

obtained in a technically simpler manner.
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Claims

1. A method for high temperature short-time distillation of a residual oil originating
from the processing of crude petroleum, natural bitumen or oil sand, wherein in a
mixing apparatus (1) the residual oil is mixed with granular hot coke as heat
transfer medium, converted into oil vapour, gas and coke, and gases and
vapours are evacuated from the mixing apparatus (1) while being substantially
separated from the granular coke, gases and vapours are cooled down and a
product oil in form of condensate as well as gas is produced and wherein the
coke, which has been evacuated from the mixing apparatus (1), is again heated
and returned into the mixing apparatus (1) as heat transfer medium,
characterized in that the vaporized product oil is partially condensed in a column

. (17) at temperatures beneath 450°C while adding gas or water vapour for
reducing the partial pressure, a high-boiling fraction is extracted from this column

(17) and the non condensed gases and oil vapours are evacuated.

2. A method according to claim 1, characterized in that the non condensed gases
and 6il vapours from said column {(17) are introduced into a second fractionating
column (19), in which the product oil, which has not been condensed in the first
column (17), is decomposed intc vacuum gas oil having a low content of
pollutants as well as a benzine/gas oil fraction.

-. 3. A method according to claim 1 through 2, characterized in that self produced,
returned product gas is introduced as gas into said column (17).

4. A method according to claim 1 through 3, characterized in that the partial
pressure of the product oil in coturnn (17) is reduced to such an extend that at
temperatures beneath 45¢°C a highly boiling fraction having an initial boiling
point between 450 and 650°C can be condensed and be extracted separately
from the other product oil fractions.

5. A method according to claim 1 through 4, characterized in that the separated

highly boiling fraction contains more than 60% of the Conradson carbon residue

(CCR), which is sill contained in the product oil vapours, more than 70% of the
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heavy metals nickel (Ni) and vanadium (V}, which are still contained in the
product oil vapours, as well as more than B0% of the asphaltenes, which are still

contained in the product il vapours.

A method according to claim 1 through 5, characterized in that the gas/oil vapour
mixture from the mixing apparatus (1) is dedusted in a cyclone (14) before being

introduced in said column (17).

. A method according to claim 1 through 6, characterized in that said column (17)
is a quench cooler with a downstream multi-venturi washer, in which the gases
and vapours originating form the mixing apparatus (1) are cooled and residual

breeze is washed out.

A method according to claim 1 through 7, characterized in that the high boiling
fraction, which has been separated in said column (17), is returned into said

mixing apparatus (1}.
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Abstract

The invention relates to a method for a high temperature short-time distillation of
residual oil. The method according to the invention is characterized by a technically
simple recovery of a small residual fraction from a gas andfor oil vapour mixture
produced by a mixing apparatus (1). Said small residual fraction contains large
quantities of undesirable polluting catalytic substances (CCR, Ni, V, asphaltenes). For
this purpose, the gas and/or oil vapour mixture produced by the mixing apparatus (1) is
diluted with gas or water vapour in a column {17) at a temperature of 450°C in such a
way that a high boiling fraction, which has a high content of the pollutant substances
and whose initial boiling point is higher than 450°C, is condensed and extracted.
Another realization of the method consists in infroducing a non condensed oil produced
in the column (17) into a fractionating column (19), where said oil is decomposed in
order to produce a depressurized gas ofl fraction having a low content of pollutants and

a benzine/gas oil fraction.
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