
1            EP 0 255 747 B1                   2 Description
stand a relatively high pressure difference be- tween both sides of the
membrane for a given wall The invention relates to a process for separating
thickness. a fluid feed mixture containing hydrocarbon oil and   The
pressure difference applied between the one an organic solvent.
5   side of the membrane contacted with the fluid feed It is known to
separate various hydrocarbon com-  mixture (the feed-side) and the other
(permeate) pounds from feed mixtures containing said com-     side Is
preferably from 2-200 bar, and most prefer- pounds and a solvent by
contacting the feed mixture  ably from 10-80 bar. at elevated pressure with
one (feed) side of a mem-   The temperature at which the present process is
brane and recovering solvent and optionally one or   10   carried out may
vary within a wide range and is not more hydrocarbon compounds from  the
other          critical as long as the applied membranes can with-
(permeate) side of the membrane. See for instance    stand the operating
conditions. A fluid feed temper- EP-A 160142.
ature from -40 [err] to +400 [err] is suitable in most However, a major
disadvantage of said known       cases, whereas a temperature from -20
[err] to +300 separation processes is that a sharp separation in-  15
[err] in particular from [err] to 100 C, is preferred. to a solvent
fraction and a single hydrocarbon oil    It has been found that membranes
containing a fraction is not attained therewith; hydrocarbons re-  layer of
a specific silicone polymer as described main present at both sides of the
membranes. More-  hereinafter are particularly suitable as oil selective
over, in case a feed mixture with a relatively high  membranes for
application in the process according solvent oil ratio has to be separated,
it would be   20  to the invention. Said silicone polymer comprises
necessary to employ relatively large membrane       units according to the
general formula: areas to obtain a given quantity of solvent-poor
hydrocarbon oil at the feed side of the membrane. Surprisingly, it has now
been found that the                          [err] afore-mentioned
disadvantages can be overcome   25 by contacting said fluid feed mixture
with one side of a hydrocarbon oil-selective membrane which is sub-
stantially impermeable to the organic solvent(s) present in the feed
mixture and recovering hydro- carbon oil permeate from the other side of
the mem-   30   wherein [err] and R2 represent moieties independently
brane.                                              chosen from the group
consisting of hydrogen, Accordingly, the present invention provides a
alkyl, aryl and aralkyl moieties, advantageously process for separating a
fluid feed mixture contain-  having 1-10 carbon atoms per moiety. Suitable
aryl ing hydrocarbon oil containing molecules having at  groups include
phenyl and naphthyl groups. Suit- least 10 carbon atoms and an organic
solvent hav-   35   able aralkyl groups include alpha-phenyl ethyl and ing
at most 9 carbon atoms which may be substituted  in particular benzyl
groups. Preferably, [err] and R2 by one ore more heteroatoms selected from
oxygen,   represent the same or different [err]alkyl mole- nitrogen or
sulphur, which comprises contacting     ties. A particularly preferred
silicone polymer for said fluid feed mixture at elevated pressure with
use as membrane (layer) In the process according one side of a hydrocarbon
oil-selective membrane   40  to the invention is poly dimethyl siloxane
which Is which is substantially impermeable to said organic  highly
oil-selective and through which only a rela- solvent and recovering
hydrocarbon oil permeate    tively small fraction of organic solvent
permeates. form the other side of the membrane.                  The
membrane suitably comprises the silicone The process according to the
invention is prefer-  compound as described hereinbefore in the form of
ably carried out as a reverse osmosis - or a dialy-   45   a cross-linked
polymer; however, a copolymer of sis - process; however, it can also be
carried out  said silicone compound and an elastomeric prepoly- using other
methods known in the art.               mer may be used instead. In a
reverse osmosis process, in which a differ-    Various elastomers such as
(synthetic) rubbers, ence In hydraulic pressure between both sides of
polystyrene, polybutadiene or copolymers of sty- the membrane is maintained
as the driving force,  50  rene and butadiene can also be applied as
oil-selec- various types of membrane units may be applied      tive
membrane layers per se in the process accord- such as a flat sheet or a
tubular membrane unit. Flat  ing to the invention. membranes are less
attractive In case the osmotic     The oil-selective membrane layer applied
in the pressure is relatively high because said membranes  present process
is preferably substantially non-po- would need to be relatively thick or-be
supported by   55   rous (dense) in order to avoid permeation of sub- a
support material having relatively small pores in  stantial amounts of
organic solvent through said order to have sufficient strength to withstand
the  layer. The membrane layer which is substantially im- applied pressure
differences, and consequently      permeable to said organic solvent
preferably has a the permeate flux through flat membranes would be
thickness from 0.1-100 [err] and most preferably relatively low in this
case. Moreover, such configu-   60  from 1-10 [err] in order to attain
relatively high hydro- rations require a relatively large amount of volume
carbon oil permeate fluxes therethrough. because their packing density
[err] membrane/[err] ap-     The use of reinforcing filler in the
hydrocarbon paratus) is low. Preference is given to the applica-
oil-selective membrane layer is preferably avoided 



tion of spirally wound- or hollow fibre-membranes   because of a possible
negative influence thereof which have a high packing density and can with-
65   on the permeability of said membrane layer. A mem- 2    3
EP 0 255 747 B1                 4 brane with excellent strength for the
present pur-  of the hydrocarbon oil in the solvent is limited and pose can
be obtained by supporting the silicone lay-  as a result of the low
permeation rate of solvent er by means of a porous support which may
contain  through the applied membranes the organic sol- a layer of any
suitable material, such as cloth, wire  vent:hydrocarbon oil weight ratio
in the permeate is net or glass fibres. A porous polypropylene sup-   5
then such that demixing occurs, i.e. a phase separa- port layer is
preferred in case a silicone polymer is  tion between an organic solvent
fraction and a hy- applied as non-porous membrane layer in view of
drocarbon oil fraction. A demixed permeate contain- the adhesive bond which
can be attained between    ing a major hydrocarbon oil fraction and a minor
or- these two layers; such a support layer suitably has  ganic solvent
fraction can then  suitably  be a thickness from 10-500 [err], and
preferably from 15-  10  recovered from the "other" (permeate) side of the
100 [err] In some cases it may be advantageous to    membrane and said
fractions can subsequently be apply at least one extra layer between a
dense, hy-  separated; the organic solvent fraction may be re-
drocarbon-oil selective layer and a porous support;  cycled (suitably
together with solvent retained at this intermediate layer is suitably a
dense highly per-  the "one" side of the membrane) to e.g. a solvent ex-
meable layer with a good bonding capacity for both  15  traction unit or
solvent dewaxing unit. the selective layer and the support.
The organic solvent used in the process of the Dense membrane layers
comprising a silicone      present invention is an organic compound which
has compound suitable for use in the separation pro-   at most 9 carbon
atoms and which may be substitut- cess according to the invention may be
prepared by  ad by one or more heteroatoms selected from oxy- any method
known In the art. A suitable method is  20   gen, nitrogen and sulphur.
Suitable solvents include solvent casting which involves forming a solution
of  linear, branched, carbocyclic and heterocyclic com- a polymer or a
prepolymer of the desired membrane  pounds which may be aliphatic or
aromatic. Advan- compound in a solvent (to which a surface active
tageously the solvent contains at least one oxygen agent is usually added)
and casting the solution onto  atom and/or is aromatic. Preferably the
organic sol- a liquid support to produce a thin layer which is sub-   25
vent is phenol, toluene, furfural or a ketone such sequently dried (by
evaporation of the solvent     as a di C14 alkyl ketone in which the alkyl
groups present in the (pre)polymer solution). The applied  may be the same
or different Suitable ketones in- solvent is generally substantially
immiscible in the  dude acetone, ethyl methyl ketone, methyl isopropyl
liquid support in order to avoid a reduction of the  ketone and butyl
methyl ketone. surface tension of the liquid support which could  30  The
hydrocarbon oil present in the fluid feed mix- lead to instability of the
developing membrane and  ture which is to be separated preferably contains
a possible generation of holes therein.              lubricating base oil.
However, other hydrocarbon Water is a preferred supporting liquid, in
particu-  oils such as gas oils, kerosenes or deasphalted oils lar when
used in combination with a prepolymer     can also be present in the fluid
feed mixture. which can be cross-linked in the presence of water.  35  The
solvents:hydrocarbon oil weight ratio in the Most preferably a prepolymer
solution of dimethyl  feed solution is suitably from 1:1-40:1, and prefer-
siloxane in 3-heptanone is allowed to spread out   ably from 5:1-30:1. r
over a water surface and form a cross-linked,        The present separation
process can be applied in dense membrane layer.
single- or multi-step operation. In order to avoid, or The process
according to the present invention   40   at least reduce fouling and
concentration polariza- is well suited for applications in which a feed
solu-  ton of the membranes, the feed solution is prefer- tion comprising
hydrocarbon oil dissolved in an or-  ably passed along one side of a
membrane with a ganic solvent is available as such. This is the case
sufficiently high velocity and may subsequently be when hydrocarbon oils
have been subjected to a     passed along one side of at least one
following mem- solvent dewaxing treatment during which e.g. a tolu-  45
brane. ene/methyl ethyl ketone solvent mixture is added to  In order to
prevent concentration polarization a wax-containing oil, followed by
removing wax (e.g.  even better, part of the feed solution which has by
means of filtration). The present process is par-  been passed along one
side of a membrane is pref- ticularly suitable, however, for separating a
fluid  erably recirculated by reintroducing said part into feed mixture
which has been obtained by subjecting   50  the feed solution to be passed
along said side of the a hydrocarbon oil to an extraction treatment with an
same membrane. organic solvent, in particular furfural. The solvents  The
invention further relates to hydrocarbon oils e                are usually
recovered from the hydrocarbon oil-    whenever obtained by a separation
process as containing feed mixture in a conventional flashing  described
hereinbefore. process with high energy consumption. With the   55
Moreover, the invention relates to hydrocarbon id               process
according to the present invention it is pos-  oil-selective membranes
whenever used in a pro- -              sible to reduce said energy
consumption considera-  cess as described hereinbefore. The following ex- 



a                bly by recovering a major portion of the solvent   ample
illustrates the invention. y              from the feed side of the
membrane and separating only a minor portion of the solvent (which has per-
60 meated through the membrane) from the hydrocar-    EXAMPLE n
bon oil permeate by conventional means (e.g. strip- d               ping or
(flash) distillation).                       A liquid feed mixture
containing 4% by weight of of                 Preferably, the nature of the
organic solvent and  lubricating base oil in furfural is contacted at a
hydrocarbon oil is selected such that the solubility  65   pressure of 40
bar abs. and a temperature of [err] 3    5                  EP 0 255 747 B1
6 with the free side of a non-porous polydimethyl si-  ein oder mehrere
Heteroatome, ausgewAhIt unter loxane membrane layer supported by a porous
poly-  Sauerstoff, Stickstoff oder Schwefel, substituiert propylene layer
having slit-shaped pores of 0,2 x  sein konnen, welches Verfahren ein
In-Kontakt- 0.02 [err] A permeate is obtained which is demixed  Bringen des
genannten flOssigen Einsatzgemisches and of which the hydrocarbon oil
fraction contains   5   bei erh8htem Druck mit einer Seite einer Kohlenwas-
6% by weight of furfural.                          serstoff6l-selektiven
Membran, die fOr das organi- sche L6sungsmittel im wesentlichen
undurchlassig Claims                                              ist, und
ein Gewinnen von Kohlenwasserstoff6l- Permeat von der anderen Seite der
Membran um- 1. Process for separating a fluid feed mixture  10  faBt.
containing hydrocarbon oil containing molecules       2. Verfahren nach
Anspruch 1, worin die Mem- having at least 10 atoms carbon oil and an
organic  bran eine Schicht aus einem Silikonpolymer enthalt, solvent having
at most 9 carbon atoms which may be  das Einheiten gemaB der allgemeinen
Formel: substituted by one or more heteroatoms selected from oxygen,
nitrogen or sulphur, which comprises   15 contacting said fluid feed
mixture at elevated pres-                   2 sure with one side of a
hydrocarbon oil-selective membrane which is substantially impermeable to
said organic solvent and recovering hydrocarbon oil permeate from the other
side of the membrane.  20 2. Process according to claim 1 wherein the mem-
umfaBt, worin Ri und R2 Reste darstellen, die unab- brane contains a layer
of a silicone polymer com-   hangig voneinander aus der aus Wasserstoff,
Al- prising units according to the general formula:     kyl, Aryl und
Aralkyl bestehenden Gruppe ausge- wahlt sind. 2
325  3 Verfahren nach Anspruch 2, worin das Silikon- polymer
Polydimethylsiloxan ist. 4. Verfahren nach eonen der vorstehenden An-
sprUche, worin die angewendete Membran wenig- 30  stens eine nicht-porose
Schicht enthalt. 30   . 5. Verfahren nach einem der vorstehenden An-
wherein [err] and R2 represent moieties independently  sprOche, worin der
zwischen der einen, mit dem fls- chosen from the group consisting of
hydrogen,      sigen Einsatzgemisch in Kontakt stehenden Seite alkyl, aryl
and aralkyl moieties.                  der Membran und der anderen Seite
der Membran 3. Process according to claim 2 wherein the sili-  angelegte
Druckunterschied von 2 bis 200 bar be- cone polymer is polydimethyl
siloxane.        35  tragt. 4. Process according to any one of the preced-
6. Verfahren nach einem der vorstehenden An- ing claims wherein the
membrane applied contains at  sprflche, worin das flOssige Einsatzgemisch
durch least a non-porous layer.                          Vomahme einer
Extraktionsbehandlung an einem 5. Process according to any one of the
preceding   40   Kohlenwasserstoff6l mit einem  organischen Lo- claims
wherein the pressure difference applied be-  sungsmittel, insbesondere
Furfural, erhalten wor- tween the one side of the membrane contacted with
den ist the fluid feed mixture and the other side is from 2-  7. Verfahren
nach einem der vorstehenden An- 200 bar.
spruche, worin das flOssige Einsatzmaterial ein 6. Process according to any
one of the preceding  Schmiermittel-Grund6l enthalt. claims wherein the
fluid feed mixture has been ob-  45  8. Verfahren nach einem der
vorstehenden An- tained by subjecting a hydrocarbon oil to a extrac-
sprOche, worin ein entmischtes Permeat, das eine tion treatment with an
organic solvent, in particular  Hauptfraktion aus Kohlenwasserstoffll und
eine furfural.                                           Nebenfraktion aus
organischem Losungsmittel ent- 7. Process according to any one of the
preceding  halt, auf der anderen Seite der Membran gewonnen claims wherein
the fluid feed mixture contains a lu-  wird und diese Fraktionen
aufgetrennt werden. bricating base oil. 



8. Process according to any one of the preceding  Revendleatlons claims
wherein a demixed permeate containing a ma- jor hydrocarbon oil fraction
and a minor organic sol-   1. Procned  pour shpurer un md lange de charge
vent fraction is recovered from the other side of   fluid  contenant une
huple d'hydrocarbures conte- the membrane and said fractions are separated.
nant des molecules ayant au moins 10 atomes de car- bone et un solvant
organique ayant au maximum 9 PatentansprOche
atomes de carbone qui peuvent Mtre remplaces par 60   un ou plusieurs
h6tero-atomes choisis'parmi l'oxyge- 1. Verfahren zur Auftrennung sines
flOssigen     ne, I'azote et le soufre, qui comprend la mise en con-
Einsatzgemisches, das Kohlenwasserstoff6l, ent-   tact du melange de charge
fluids a pression elevde haltend Molekule mit wenigstens 10 Kohlenstoffato-
avec un c6te d'une membrane selective pour l'huils men, und ein organisches
Ldsungsmittel enthalt, das  d'hydrocarbures qui est substantiellement
imper- h6chstens 9 Kohlenstoffatome aufweist, die durch   es   m6able au
solvant organique et le recueil d'un per- 4    5                  EP  255
747 B1                    6 with the free side of a non-porous polydimethyl
si-  ein oder mehrere Heteroatome, ausgewahft unter loxane membrane layer
supported by a porous poly-   Sauerstoff, Stickstoff oder Schwefel,
substituiert propylene layer having slit-shaped pores of 0,2 x   sein
k8nnen, welches Verfahren ein In-Kontakt- 0.02 [err] A permeate is obtained
which is demixed    Bringen des genannten flOssigen Einsatzgemisches and of
which the hydrocarbon oil fraction contains   5   bei erh8htem Druck mit
einer Seite einer Kohlenwas- 6% by weight of furfural.
serstoff6l-selektiven Membran, die fOr das organi- sche Losungsmittel im
wesentlichen undurchlassig Claims
ist, und ein Gewinnen von Kohlenwasserstoffol- Permeat von der anderen
Seite der Membran um- 1. Process for separating a fluid feed mixture   10
faBt. containing hydrocarbon oil containing molecules       2. Verfahren
nach Anspruch 1, worin die Mem- having at least 10 atoms carbon oil and an
organic  bran eine Schicht aus einem Silikonpolymer enthalt, solvent having
at most 9 carbon atoms which may be  das Einheiten gemaB der allgememnen
Formel: substituted by one or more heteroatoms selected from oxygen,
nitrogen or sulphur, which comprises   15 contacting said fluid feed
mixture at elevated pres-                    2 sure with one side of a
hydrocarbon oil-selective membrane which is substantially impermeable to
said organic solvent and recovering hydrocarbon oil permeate from the other
side of the membrane.  20 2. Process according to claim 1 wherein the mem-
umfal3t, worin Ri und R2 Reste darstellen, die unab- brane contains a layer
of a silicone polymer corn-  hingig voneinander aus der aus Wasserstoff,
Al- prising units according to the general formula:     kyl, Aryl und
Aralkyl bestehenden Gruppe ausge- 25   wahIt sind. [err]
sprOche, worin die angewendete Membran wenig- stens eine nicht-porose
Schicht enthalt. 30     5. Verfahren nach einem der vorstehenden An-
wherein [err] and R2 represent moieties independently  sprOche, worin der
zwischen der einen, mit dem flis- chosen from the group consisting of
hydrogen,       sigen Einsatzgemisch in Kontakt stehenden Seite alkyl, aryl
and aralkyl moieties.                   der Membran und der anderen Seite
der Membran 3. Process according to claim 2 wherein the sili-  35
angelegte Druckunterschied von 2 bis 200 bar be- cone polymer is
polydimethyl siloxane.              tragt. 4. Process according to any one
of the preced-      6. Verfahren nach einem der vorstehenden An- ing claims
wherein the membrane applied contains at  sprOche, worin das flflssige
Einsatzgemisch durch least a non-porous layer.
Vomahme einer Extraktionsbehandlung an einem 5. Process according to any
one of the preceding   40   Kohlenwasserstoff6l mit einem  organischen  Lo-
claims wherein the pressure difference applied be-  sungsmittel,
insbesondere Furfural, erhalten wor- tween the one side of the membrane
contacted with   den ist. the fluid feed mixture and the other side is from
2-  7. Verfahren nach einem der vorstehenden An- 200 bar.
sprOche, worin das flOssige Einsatzmaterial ein 6. Process according to any
one of the preceding  Schmiermfttel-Grund6l enthalt claims wherein the
fluid feed mixture has been ob-    8. Verfahren nach einem der vorstehenden
An- tained by subjecting a hydrocarbon oil to a extrac-  sprOche, worin ein
entmischtes Permeat, das eine tion treatment with an organic solvent, in
particular  Hauptfraktion aus Kohlenwasserstoffol und eine furfural.
Nebenfraktion aus organischem Losungsmittel ent- 7. Process according to
any one of the preceding  halt, auf der anderen Seite der Membran gewonnen 



claims wherein the fluid feed mixture contains a lu-  wird und diese
Fraktionen aufgetrennt werden. bricating base oil. 8. Process according to
any one of the preceding  Revendloatlons claims wherein a demixed permeate
containing a ma- jor hydrocarbon oil fraction and a minor organic sol-  55
1. Procede pour s6parer un m6lange de charge vent fraction is recovered
from the other side of  fluide contenant une huile d'hydrocarbures conte-
the membrane and said fractions are separated.      nant des mol6cules
ayant au moins 10 atomes de car- bone et un solvant organique ayant au
maximum 9 PatentansprOche                                     atomes de
carbone qui peuvent etre remplac6s par so   un ou plusieurs h6tero-atomes
choisis'parmi l'oxygq- 1. Verfahren zur Auftrennung eines flOssigen
ne, I'azote et le soufre, qui comprend la mise en con- Einsatzgemisches,
das Kohlenwasserstoffol, ent-    tact du m6lange de charge fluide a
pression elev~e haltend Molekule mit wenigstens 10 Kohlenstoffato-  avec un
c6t6 d'une membrane selective pour lhuile men, und ein organisches
Losungsmittel enthalt, das  d'hydrocarbures qui est substantiellement
imper- h6chstens 9 Kohlenstoffatome aufweist, die durch   65   meable au
solvant organique et le recueil d'un per- 4    7                  EP 0 25
747 B1 m at d'huile d'hydrocarbures de l'autre cot6 de la membrane. 2.
Procd6 selon la revendication 1, dans lequel la membrane contient une
couche d'un polymere de silicone comprenant des mailles de la formule gene-
5 rale: P-i2 41-0i                         10 ob Ri et R2 repr6sentent des
portions choisies inde- pendamment dans le groupe constitu6 par l'hydroge-
1 no et des portions alcoyle, aryle et aralcoyle. 3. Procede selon la
revendication 2, dans lequel ie polymere de silicone consiste en
polydimethyl- siloxane. 4. Proced6 selon l'une quelconque des revendi-  20
cations pr6cedentes, dans lequel la membrane utili- see contient au moins
une couche non poreuse. 5. Procede selon l'une quelconque des revendi-
cations pr6c6dentes, dans lequel la diff6rence de pression appliquee entre
le c6t6 de la membrane mis  25 en contact avec le m6lange de charge fluide
et l'autre c6t6 est comprise entre 2 et 200 bars. 6. Proc6d6 selon Pune
quelconque des revendi- cations pr6c6dentes, dans lequel le m6lange de
charge fluide a ete obtenu en soumettant une huile 30 d'hydrocarbures a un
traitement d'extraction par un solvant organique, en particulier le
furfural. 7. Proced6 selon l'une quelconque des revendi- cations
prec6dentes, dans lequel le melange de charge fluide contient une huile
lubrifiante de base.  35 8. Procede selon lune quelconque des revendi-
cations precedentes, dans lequel un perm6at pre- sentant une d6mixtion
contenant une fraction majeu- re d'huile d'hydrocarbures et une fraction
mineure de solvant organique est recueilli de l'autre cote de   40 la
membrane et ces fractions sont s6par6es. 45 50 55 60 65    


