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This invention, in its broadest sense, relates to apparatus and a
method for recovering a relatively volatile ccmponent of a solution
frem a less volatile component of the solution. However, it finds

particular application to recovering solvent from the extract solution

from a solvent extraction process.

Solvent extractiosn processes are very well known, for example in
the 0il industry. Examples of solvent extracticn methods are lubrica-
ting oil extraction, de-aspnalting and lubricating oil de-waxing
processes. Usually, economics dictate that the solvent used In the
solvent extraction process be recovered and recycled for re-use in the

extraction process,

Numerous technigues are known for recovering thé solvent from the
extract solution. Typically, the extrac:t solut:‘.on' is passed through a
separator, for example a recovery tower, in which the solvent is
recovered from the extract product. However, due to inevitable
separation inefficiency and carryover within the separator, the
recoverd sclvent =ontains residual amounts of the extract product.
Usually, because of :tae presence of these residual amounts of the
extract product in the recovered solvent, this solvent cannot amerely
be recyled to the solvent extraction plant: rather, measures have to

be taken to remove as much of the residual extract product as possible
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beforehand. Furthermore, trace quantities remaining after as much
residual extract product as possible has been removed effectively

reduces the capacity of the solvent extraction plant. -

Examples of solvent recaovery processes of hackgtound interest to
the present invention are disclosed in U.S. Patents 4,482,453 (Coombs

et al), 4,664,783 (Preusser et al) and 4,987, 547 (Emmrich et al).

In a typical lubricating oil extraction process, a distillation
feed, comprising a fraction hoiiing in the lubricating oil range from
a vacuum distillation tower, and solvent are separately fed to a
solvent extraction tower, from which raffinate, i.e. lubricating oil
and wax, is produced as overhead and extract saluﬁion {i.e. a solutien
of aromatics in solvent) is produced as bottoms. One form of plant
known to the Applicants for recovering the solvent from the extract
solution from a lubricating oil extraction plant will be described in
more detail hereinbelow with reference to Figure 1. [Esseatially,
however, this plant coﬁprises a recovery tower to which the solvent
extract is fed, via a pre-heater, so that .most of the solvent is
vaporised as it enters the tower, the remainder vaporising within the
tower. The tower is a conventional distillation tower proirided with
trays which are often refluxed with solvent or part of the solvent/
soiute mixture. The ascending vapour is' contacted with descending _
cooler liquid, for example branched off from the solvent extract feed

before it is pre-heated. together with any reflux liguid. In order to

This Sheet Has Bee

LT

' THIS SHEET HAS BEE!
RE PLACED




K WO 93/23131 PCT/US93/04724

improve the solvent recovery, residual quantities of solvent in the
liquid bettoms product from the recovery tower can be removed in a
stripper and, together with strip gas, introduced into the fecovery
tower. Solvent vapour produced 6verhead from the.recovery tower is
passed, along an overhead line, to a condenser, in which the solvent
vapour is condensed to form liquid.solvent which can then be reycled
for re-use in the lubricating oil extraction plant. A small amount of
solvent vapour may condense to form ligquid solvent in the overhead

line.

There are three main problems with existing solvent recovery
facilities such as exemplified above in a lubricating oil extraction
plant. Firstly, the solvent/feed ratics needed for such processes are
typically large and this in turn often résults in flooding limitations
in the recovery tower. Thus, the plant capacity cannot be increased
unless the tower is replaced with a larger one. Such tower replace-
ments are undesirable because of their high cost. Secondly, high
vapour velocities or flooding'can result in oil entrainment from the
recovery tower and oil contamination of the solvent recovered
overﬁead. Thus, the treat ratio of solvent-to-feed must be increased
to obtain the desired solvent product quality. Energy costs to
recover the additicnal solvent are correspondingly higher. The oily
solvent also can produce a poorer quality and lower yield of the
desired solvent product. Lastly, low efficiency of the recovery tower

trays results in high temperatures of the solvent vapours (superheated
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solvent vapour) leaving the top of the tower. These high temperatures
can cause large amounts of oil to be distilled overhead, thus worsen-
irg the contamination of the solvent product. Additicnally, high
vapour temperatures also aggravate any solvent Eondensing cap;city
limitations on the condenser used to condense the overhead solvent
vapour product from the recovery tower. In general, the closer
tecgether the boiling points are of the components of the recovery
tower feed, the greater the carryover of extract product into the

overhead product.

The contamina:ioq of the solvent product reéulting from the
effects mentioned above is very undesirable. For example, if the oil
content of the recycled solvent is 3% by volume, typically this would
contribute around 15% to the loading on the plant capacity of the
solvent extraction plant. The contaminating oil, typically occupying
3% by volume of the recycled sclvent, causes the overhead vapour to

appear as a foamy material.

According to the invention from one aspect, there is provided an
apparatus for recovering a relatively volatile component of a solution
from one (or more) less volatile component(s) of the solution,
comprising 5 recovery tower for recovering the majority of the 1less
volatile component as a liguid bottoms product and for recovering the
more volatile component_ in an overhead product comprising gaseous
phase of the more volatile component and a residual amount of liguid

phase of the less volatile component, an isothermal separator for
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separating the residual amount of liquid phase (and any other liquid
tresent) from the overnead product, and means for returning the
separated liguid from the separator as liguid reflux to the recovery

tower.

According toc the invention from another aspect, there is provided
a method of recovering a relatively volatile component of a solution
from one {(or more) less volatile componerit(s) of the solution,

comprising the steps of :-

(a) feeding the solution to a recovery tower in which the

solution ascends mainly in vaporised form;

{b) contacting the hot ascending vapour with cocler descending
liquid under cnndi ions in the recovery tower such that the majority
of the less volatile component is recovered as a liquid bottoms
product and the more volatile component is recovered overhead in an
overhead product comprising gaseocus phaée of the more volatile
component and a residual amount of liquid phase of the less volatile

component;

(c) separating the residual amount of liguid pha_se of the less
volatile component (and any other Iliquid present) from the gaseous
phase of the more volatile component in an iscthermal separation
process, so that substantially ne liquid remains in the overhead

product; and




WO 93/23131 PCT/US93/04724

This Sheet Hag Been

N IIIIIII Imll IIII Ill I"I

(d) recturning said separated liquid to the recovery tower as

reflux.

Thus, the isothermal separator, separates the less wvolatile
caponent, i.e. the oil in the case of precessing the extract solﬁticn
from a lubricating oil extraction process, from the mere volatile
solvent, which can then be condensed and recycled to the solvent
extraction plant. Furthermore, the separated oil, together with the
small quantity of liquié solvent separated from the vaporised solvent,
is used as reflux to the recovery %tower, so that the oil can be
separated-out in the bottoms product and the ligquid solvent
re~vaporised in the recovery tower and recovered as overhead vapour

product.

In this way, the foamy overhead product is separated into its
respective liguid and vapour phases by the iscthermal separator. a
cyclone is a garticulatly simple and effective piece of egquipment for

this purpose.

In a preferred embodiment, a portion of the extract solution feed
to the recovery tower.is bran:hed'off before :he feed is pre-heated
Erior to introduction into the recovery tower and the branched osff
portion is mixed with the recovery tower overhead product passing to
the isothermal separator. The temperature (e.g. 150°C) of the
branched off portion is below that (e.g. 250°C) of the overhead

Froduct, so as to reduce the temperature of the overhead product =o,
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or Jjust above, the dew point of the solvent, to desuperhea; the
overhead product and <thereby substantially eliminate the overhead
distillation of oil and condenser _overloading. In addition, <cray
floocding is reduced or eliminated, partly because the recovery tower
can be operated at a higher temperature and partly hecause. the

branched off portion of the recovery tower feed bypasses the tower.

Residual guantities of solvent in the bottoms product can be
recovered in the conventional manner using a stripping tower.
Preferably, the overhead recovered solvent and strip gas frem the
stripping tower, instead of heing introduced into the recovery tower
in its lower region as would be conventional when using a stripping
tower, is mixed with the overhead product passing from the recovery
tower to the isothermal separator. This contributes to alleviating
the loading on the upper trays in the recovery tower. Again, the
operating conditions within the solvent recovery plant would be set
such that the tempefature‘ of the overhead product passing to the
isothermal separator is at, or Jjust above, the dew point of the

solvent vapour.

For a better understanding of the invention and to show how the
same may be carried into effect, reference will now be made, by way of

example, to the accompanying drawings, in which:-

Figure 1 is a schematic view of one form of solvent recovery

plant, which is known to the Applicants for recovering solvent from a
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lubricating oil extraction process and which does not constitute an

embodiment of the invention; and

Figure 2 is a schematic view of a preferred embodiment of the
invention for recovering the solvent used in a lubricating oil

extraction process, alsc indicating some possible modifications.

Although the description which now £follows relates to the
recovery of solvent from the exrract solution from a lubricating oil
extraction process, the invention is also applicable to recovering the
solvent used in other types of solvent extraction processes (e.g.
solvent de-waxing of lubricating cil and de-asphalting), and even, in
its broadest sense, to recovering a more volatile component of a

solution from a less volatile component of that solution.

Referring to Figure 1, in the solvent recovery plant known to the
Applicants, extract solution in recovery tower feedline 1 (this
solution comprising typically 75 to 80 volume % extraction solvent,
for example Ne-methyl-pyrrolidone, the balance being aromatic extract
material from the treater tower of the extraction plant (both not
shown)) is preheated in heat exchanger 2 and fu;nace 3. Most of the
solvent in the extract solution is vaporised as it leaves furnace 3,
the mixture passing intoc recovery (rectification) tower 4, which
includes conventionals rectification trays 16 for providing vapour-
liquid contact between the ascending vapours in the rectification

tower 4 and the descending, cooler, liquid. The liguid portion of the
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mixzure fed into the reccvery tower through feedline 1, together with
descending liquid from the upper region of the tower collecting at the
tower bottom, exits the tower 4 through line 5 as liguid bottoms

preduce.

Because of the inevitable impeffect separation between solvent.
and aromatics in reccvery tower 4, the liquid bottoms product contains
residual amounts of solvent. In order to recover substantially all of
this remaining solvenz, the bottoms product is passed to the top of
strirping tower 6 which is equ;nned with stripping trays and to the
bottom of which stripping gas, for example nitrogen or any suitable
low-boiling temperature gas, is supplied through line 7 to vaporise
the residual solvent. The stripped extract product leaves stripping
tower 6§ through line 8. The solvent vaporised in tower 6, tegether
with the stripping gas supplied through line 7, leaves the top of
stripping tower & through overhead line 9 and enter rectification
tower 4 close to the entry point for the feed mixture from furnace 3.
The vapours mix within the tower and pass upwardly. On the trays 16
within the rectification tower 4, the ascending vapours are contacted
by cooler descending liquid extract solution introcduced into the upper
part of the tower 4, above the top ﬁray, through line 10 branched off
frem a location in feedline 1 upstream of the furnacel 3. Vapeur
leaving the top of tower 4 through line 1l is condensed in condenser

12, to form liquid product which is recycled to the solvent extraction
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plant fnot shown). The strip gas passing through overhead line 11
irto condenser 12 can be recycled to feed line 7. As ali'eady
described, liquid leaving the bottom-most tray of tower 4 comhi:xes; in
the bottom of the recovery tower, withh the liguid portion of the

mixture entering tower 4 from feedline 1l.

Contacting efficiencies between the liguid and vapour phases on
the trays of tower 4 are typically low. Consequently, vapours leave
the top of tower 4 through line 11 at a temperature higher than the
solvent dew point, i.e. the vapoixrs are superheated. This can result
in a constraint in tﬁe capacity of the solvent recovery plant if the
capacitf of condenser 12 is inadeguate, because of the ligquid phase
(centaminant) present in the overhead product. In addition, because
the vapour is superheated, the overhead vapour leaving through line 11
will .:cntain an unwanted propertion of distilled extract material
whizh serves to contaminate the recovered solvent with extract and
reduce the solvent's capacity to dissolve extract material when used
in the treater tower of the solvent extraction plant. Furthermore,
owing to low tray efficiencies of recovery tower 4, the liquid leaving
the bottom—-most tray of tower 4 contains a higher proportion of
solvent than is desirable, and can result in overloading of the top-
most trays of stripping tower 6. Finally, flooding of the top-most
trays of tower 4 can occur if the delivery tate. for the branched off
extract sclution introduced into the upper part of recovery tower 4 is
toe high, or if its temperature is substantially less than its bubble

point temperature. If the branched off extract solution is too cold,

Sheet Has Been Replaced

Hlltl\\ \lll\\ I




WO 93723131 - 11 - PCT/US93/04724

a smaller proportion of the solven; in <the branched off extract
solution introduced into the recovery tower than desirable will be
vapourized on the top tray, thus overloading and £looding the tray.
As a result, liquid together with aromatic excract material therein
may Dbe entrained into overhead line 1l. The liguid and arométi:
extract in the resulting overhead foam contaminate the recovered
solvent and reduce the capacity of the recovered solvent, as explained

earlier.

Table 1 below sers out typical pressure and temperature
conditions in the solvent recovery plant described above with

reference to Figure 1.

The embodiment of the invention shown in Figure 2 is able to
overcome these operational difficulties in a simple and effective
manner. Many of the ccmponeﬁ:s of the secivent extraction plant
depicted in Figure 2 operate in essentially the same way as the
corresponding components in Figure 1. Such components are designated
by the same reference numerals in FPigure 2 and will not be described
in further detail herein. Table 1 also lists tfpical prevailing
pressure and temperature conditions in the plant of Figure 2. The
significance of the temperature differences between the Figures 1 and
2 plants will be explained in the description, below, of the Figure 2

" embodiment.
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TABLE 1

Figure 1 Figure 2

Extract solution feed temperature to pre~heater 3: 150°C 1so'¢
Extract solution feed temperature to tower 4: 3zo'c' 320°c
Liguid bottoms product temperature (line 5): is°c 315°c
Stripper bottoms product temperature (line 8): 280°C - 280°C
Overhead product temperature from recovery tower: 275°C 280°C
Cyclone inlet temperature: - 285°C
Cyclone vapour outlet temperature: - + 285°C
Cyclone liquid outlet temperature: - 285°C
System pressure: 3.5 Bar.g 3.5 Bar.g
Strip gas: N2 N2

As showm in Figure 2, the overhead product leaving rectification
tower 4 through overhead line 11 is directed to an isothermal vapour-
liquiﬁ separator, pfeferahly comprising cyclone 13. For a recovery
tower typically 12 feet (3.66 m) high, the cyclone would need to be
about 2 to 3 feet (61.0 cm to S1.4 cm) in diameter. When the overhead
preduct is a.fcamy stream owing to the presence of entrained liquid
and aromatic extract material, the cyclone functions to collapse the
foam, so as to separate the liquid phase-of the overhead product from

its vapour phase. Alternatively, other forms of isothermal separator
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than a cyclone can be used, such as a gravity settler using a large
diameter vessel, an electrostatic precipitator, or a drum with
sui;ably-placed demister pads or a crinkled wire mesh screen. The
vapour phase passes along line 15 to condenser 12, in which the vapour
condenses to (uncontamin- ated) liquid solvent, which can theﬁ be
recycled to the solvent extraction plant. The separated liquid phase
is returned to the recovery tower, along line 14, as liquid reflux.
In the rectification tower, the small qnantity of solvent in the
liguid reflux can be recovered as overhead solvent vapour, and the
remaining liquid phase can.be separated out and included in the bottem

prcduct from the rectification tower.

Although the branched off liquid extract solution in branch line
10 can be introduced directly into the Eecnvery tower 4 (as indicated
by reference numeral 10') above the uppermost tray, to serve as the
descending cooling flow in the tower, preferably, as indicated in
Pigure 2, line 10 connects with the overhead line 11l leading from the
recovery tower 4 to the cyclone 13. Because the temperature (e.g.
150°C) of the extract soclution in line 10 is below that (290°C) of the
overhead product coming from the recovery tower and because alsc the
flow rate in overhead line 31l is sufficientlg large (e.g. typically
between S0 and 300 m/s) that the flow is turbulent (with Reynolds
numbers typically between 107 and 108) so that thorough mixing of the
branched off extract sclution and the overhead product from the
recovery tower is promoted in line 11, the temperature of the overhead

product is reduced. This arrangement provides a very simple and
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effective means of alleviating the tendency towards flooding on the
trays of tower 4, and thereby of increasing its 'capacity. This is
because the intimate mixing of the streams fed to cyclone 13 ensures
that the temperature of the vapour leaving the cycléne through line 15
(285°C) is essentially equal to the dew point of the salvent.. as
_such, any capacity limit of condenser 12 is alleviated, and the
proportion of extract distilled into overhead liné 11 and
contaminating the recovered solvent is minimized or eliminatgd,
because of operating at or close to the dew peint of the solvent. The
intimate mixing of the streams fed_ to cyclone 13 also ensures that cthe
liguid leaving the cyclone through line 14 is essentially at its
bubble point tempera- ture. The use ‘of this liguid aé reflux to
rectification tower 4, coupled with the bypéssing of the recovery
tower by the branched off extract solution in branch line 10, serves
to alleviate the flooding constraints on the 'top trays of
rectification tower 4 and of stripper tower 6, and to reduce the

undesirable entrainment of liguid into overhead line 11.

As in the Figure 1 embodiment, the vapourised sclvent and strip
gas passing together through the overhead line $ from the stripper
tower 6 can be introduced (through feedline 9') into the recovery
tower adjacent the entry location of extract solution feedline 1. The
operational benefits mentioned above, apart from the aforementioned
adverse effect on the capacity limitation on tower 4, can be still be
realised. However, preferably, as shown in Figure 2, line 9 leads

directly to and connects with overhead line 11. Tnén. the capacit
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limitation of the recovery tower and any tendency to tray fleeding can
be overcome too. Although, as indicated in Table 1, the temperature
(315°C) of the solvent vapour and strip gas in overhead line 9 exceeds
that (280°C) of the overhead product from the recovery tower 4,.the
mixture inlet temperature (265°C) to the cyclone, and hence the
cyclone vapour outlet temperature, can still be maintained at or close-
to the solvent dew point, be;ause of the cooling effect of the extract

solvent stream (temperature 150°C) introduced into overhead line 11,

Also, fresh solvent may be used in place of or to supplement the
extract solution added to cyclone 13 through branch line 10. The best
cheice of this liguid reflux will depend on economic consideratioms,

but either source will provide satisfactory operation.
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CLATIMS:

l. Apparatus for recovering a relatively volatile component of a
solution from one (or more) less volatile combonent(s) of the
solution, comprising a recovery tower for recovering the majority of
the less volatile component as a liguid bottoms product and for .
recovering the more volatile component in an overhead product compris-
ing gaseocus phase of the more volatile component and a residual amount
of liquid phase of the less volatile component, an isothermal
separator for separating the residual amount of liguid phase (and any
other liguid present) from the overhead product, and means for
returning the separated liquid from the separator as liquid reflux to

the recovery towver.

2. Apparatus as claimed in claim 1, wherein said isothermal

separator comprises a cyclone.

3. Apparatus as claimed in claim 1 or 2, wherein the recovery
tower is provided with a feed line, including a heater, for pre-
heating said sclution and for feeding it, mainly as a vapour, to the
recovery tower, and wherein a branch line is connected between an
upstreanm lucétion. relative to the heater, in said recovery tower
feedline and a, or the saig, overhead line from thé recovery tower to
the isothermal separater, for feeding a branched-off proportion of the

solution in the feed line of the resovery tower to said overhead line,
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for reducing the :emperaﬁure'of the overhead product to the dew point

of the more volatile ccmponent.

4. Apparatus as claimed in claim 3, further comprising a strip-
ping tower having a feed line for feeding the liguid bottoms product
from the recovery tower to the stripping tower, a gas stripping line
for supplying strip gas ©o the stripping tower to strip resigdual
amounts of the more veolatile component from the liguid bottoms
product, and an overhead 1ine for feeding said residual amounts of the
more volatile component in vapour £OIm, together with strip gas, to an
overhead line from the recovery tower to the isothermal separator, S0
that the overhead product from the recovery tower, together with
residual amounts of the more volatile component and strip gas from the
stripping tower, are fed as a mixture in said overhead line to the

isothermal separator.

5. Apparatus for recovering a relatively volatile component of a
solution from a less volatile component of the solution, substantially
as hereinbefore described with reference to Figure 2 of the accompany-

ing drawings.

6. A method of recovering a relatively volatile component of a

solution from one (or more) jess volatile component(s) of the

solution, comprising the steps of:=
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(a) feeding the solution to a recovery tower in which the

solution ascends mainly in vaporised farm;

(b) contacting the hot ascending vapour with cooler descepding
liquid under conditions in the recoverY tower such that the majdrity
of the less volatile ccmponent is recovered as a liguid bottoms
product and the more volatile component is recovered overhead in an
overhead product comprising gaseous phase of the more volatile
component and a residual amount of liquid phase of the less volatile

component;

{c) separating the residual amount of liguid phase of the less
volatile component (and any other ligquid present) from the gaseous
phase of the more volatile component in an isothermal separation
process, so that sﬁhstan::‘.ally no liguid phase remains in the overhead

preduct; and

(8) returning said separated liquid to the recovery tower as

reflux.

8. A method as claimed in claim 7, wherein residual guantities
of the more volatile ccmponent in the liquid bottoms product are
removed by contact with ascending strip gas in a stripping tower and
the removedl residual quantities of the mors veolatile component,

together with strip gas, are mixed with the overhead product contain-

This Sheet Has Been R

N lll Ill!




WO 93/ 2313! PCT/US93/04724

Illlllll IIIIII mll Illll | Iﬂ!

ing the residual amount of liguid phase of the less volatile phase,
the temperature of the overhead product after the liquid therein has
been separated therefrom being at or only slightly above the dew point

of the more volatile component.

7. A method as claimed in claim 6, wherein the solution is
pre-heated before it is introduced intc the recovery tower and a
portion of the solution, before the solution is pre-heated, is
branched off and mixed with the overhead product containing the
residual amount of ligquid phase of the less volatile phase, the
temperature of the branched off solution being below that of the
overhead product from the recovery tower, so that the temperature of
the overhead product after the liguid ‘therein has been removed
therefrom is at or only slightly above the dew point of the more

velatile component.

8. A method as claimed in any ome of claims 6 to 8, wherein the
solution comprises the extract solution from a solvent extraction

process.

10. A method of recovering a relatively volatile component of a
solution from a less volatile component of the solution, substantially
as hereinbefore described with reference to Figure 2 of the accompany-

ing drawings.
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