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P.£COVER!NG A ~ELAT!VELY VOLAT!L~ COMPONENT OF A SOLYT!ON 

FROM A LESS 70:AT~tE COMPONE?!T· E.G. ~S !N SOLVENT RECOVERY 

This invention, in its ~roadest sense, relates to apparatus and a 

method for recovering a relatively volatile component of a solution 

frcm a less volatile componen't of the solution. However, it finds 

particular acclication to recovering solvent from the extract solu~ion 

from a solvent ex'traction process. 

Solvent e.x~rac:ion processes are very well known, for example in 

the oil industry. Examples of solvent extraction methods are lul:rica-

ti:1q oil extraction, de-asphalting and lul:lric:atinq oil de-waxing 

precesses. Usually, economics dictate that the solvent used .!.n the 

solvent extraction process be recovered and recycled for re-use in the 

extract.ion process. 

Numerous techniques are known for recover!ng the solvent from the 

extract solution. '?ypically, the extrac: solution 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 inef~iciency and carryover within the separator, the 

recoverd solvent ::ontains residual amounts of the extract product. 

Usually, because of -:;ie presence of these residual amounts of the 

extract product in the recovered solvent, this solvent cannot merely 

be recyled to the solvent extraction plant: rather, measures have to 

be ~aken to remove as much cf the residual extract product as possible 
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beforehand. Furthermore, trace quantities I"emainin<; after as much 

residual extract product as possible has been removed effectively 

reduces the capacity of the solvent extraction plant. · 

Examples of solvent I"ecovery processes of background interest to 

the present invention are disclosed in u.s. Patents 4,482,453 (Coombs 

et al), 4,664,783 (Preusser et al) and 4,997, 547 (Emmrich et al). 

In a typical lubricating oil extraction process, a distillation 

feed, comprising a fraction boiling 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. 111Dricatin9 oil 

and wax, is produced as overhead and extract solution (i.e. a solution 

of aromatics in solvent) is produced as bottoms. one form of plant 

known to the Applicants for recovering the sol vent from the extract 

solution from a lubricating oil extraction plant will be described in 

more detail hereinbelow with reference to Fi;ure l. Essentially, 

however, this plant comprises a recovery tower to which the solvent 

exi:ract 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 provided with 

trays which are often reflwted with solvent or part of the solvent/ 

solute mixture. The ascendinq 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 liquid. In order to 
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i.'Uprove the solvent t"ecovery, t"esidual quan-cities of solven~ in. the 

liquid :bottoms pr-oduct from the ncovery tower can :be removed in a 

st:-ipper and, together with strip gas, introduced into the t"ecovery 

tower. Sol vent vapour produced overhead from the recovery t.ower is 

passed, along an overhead line, to a condenser, in which the solvent 

vapour- is condensed tc 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 liquid solvent in the overhead 

line. 

'!here are three main prol:llems with existing solvent recovery 

fac:!..!.ities such as exemplified allove in a lubricating oil ex~rac~ion 

plant. Firstly, the solvent/feed ratios needed fer such processes are 

typically large and this in turn often resUlts in flooding limitations 

!n the recovery tower. ~hus, the plant capacity cannot :be increased 

unless the tower is replaced with a larger one. such tower replace-

ment.s 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 

overhead. Thus, the treat ratio of solvent-to-feed must De increased 

to obtain the desired solvent product quality. Enerqy costs to 

recover the additional sol vent are correspondinqly h1qher. The ci.!.y 

solvent alsc can produce a poorer quality and lower yield of the 

desired solvent product. Lastly, low efficiency of the recovery tower 

trays results in hiqh temperatures of the solvent vapours (superheated 
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solvent vapour) leaving the cop of the tower. These hi;h temperatures 

can cause large amounts cf oil to be distilled overhead, thus worsen­

ing the contamination of the solvent product. Additionally, high 

vapour temperatures also aggravate any solvent condensing capacity 

limitations on the c:ondenser used to c:ondense the overhead solvent 

vapour product from the recovery tower. In general, the closer 

together the boiling point.s are of the components of the r-ecovery 

tower feed, the greater the carryover of extract product into the 

overhead product. 

The c:ontamination of the solvent product resulting from the 

effects mentioned above is very undesirable. Fer example, if the oil 

content of the recycled solvent is 3% by volume, typically this would 

c:ontril:lute around 15% to the loading on the plant capacity of the 

solvent extraction plant. The contaminating oil, typically occupying 

J's by volume of the recycled solvent, 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 a recovery tower for recovering the majority of the less 

volatile component as a liquid bottoms product and for recovering the 

mere volatile component in an overhead product comprising qaseous 

phase of the more volatile component and a residual amount of liquid 

phase of the less volatile c:omponen~, an isothermal separator fer 



-~-------

----------------------------------------------

WO 93/23131 
- 5 -

PC1'/l1S93/04724 

separaeinq the residual amount of liquid phase (and any other l!quid 

presene) from the overhead product, and means for returning the 

separaeed liquid :rem the separaeor as liquid reflux to the recovery 

tower. 

Ac=ording to 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 component(s) of the solution, 

comprising the steps of :-

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

solution ascends mainly in vaporised fornu 

O:i) coneacting the hot ascending vapour with cooler descending 

liquid under conditions in the recovery tower such that the majority 

cf the less volatile component is recovered as a liquid bottoms 

product and the more volatile component is recovered overhead in an 

overhead product compr~sing 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 liquid phase of the less 

volatile component (and any other liquid present) from the gaseous 

phase of the more volatile component in an iscthermal separation 

process, sc that substantially no liquid remains in the overhead 

prcauc:: and 

- -- ----

i11i1iii1i1i illii 



W093/2313t 
- 6 -

PCT/US93/04724 

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

:-eflux. 

Thus, the isot~ermal separator, separates the less vol:atile 

co~ponent, i.e. the oil in the case of prccessinq the extract solution 

from a lul:lricating oil extraction precess, from the more volatile 

solvent, which can then be condensed and recycled to the solvent 

extraction plant. Furthermore, the separated oil, toqether with the 

small quantity of !iquic solvent separated :rem the vaporised solvent, 

is used as nflux to the recovery tower, so that the oil can be 

separated-out in the bottoms product and the liquid sol vent 

re-vaporised in the recovery tower and recovered as overhead vapour 

product. 

!n this way, the foamy overhead product is separated int::o its 

respective liquid and vapour phases by the isothermal separator. A 

:-1:lone is a particularly simple and effective piece of equipment :or 

this purpose. 

In a preferred embodiment, a portion of the extract solution feed 

to the recovery tower is branched off before :he feed is pre-heated 

prior tc introduction into the recovery tower and the branched off 

portion is mixed with the recoverY tower overhead product passing eo 

the isothermal separator. The temperature (e.g. iso•c) of the 

l:lranched off ocrtion is l:lelow that (e.g. 2go•c) cf the overhead 

produc~. so as to reduce the temperature of the overhead produce eo, 
------·--- - ----- -- --- --
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or just above, the dew point of the solvent, to desuperheat the 

overhead prcduct and :here.by s\lDstantially eliminate the overhead 

distillaticn of oil and condenser overloading. In addition, :ray 

flooding is reduced er eliminated, partly because the recovery _tcwer 

can be operated at · a higher temperature and partly because the 

branched off portion o! the recovery tower feed bYPasses the tower. 

Residual quantities 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 from the 

stripping tower, instead of being introduced into the recovery tower 

in its lower region as would be conventional when using a strippinq 

tower, is mixed with the overhead product passing from the recovery 

tower to the isothermal separator. This contriDutes 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 temper"ature of the overhead product passing to the 

isothermal separator is at, er just above, the dew point cf the 

solvent vapour. 

For a better understanding of the invention and to show how the 

same may JJe carried into effect, reference will now lle made, by way of 

example, to the accompanyinq drawinqs, in which:-

Figure 1 is a schematic view of one form of solvent r"ecovery 

plant, which is known ~o the Applicants for recovering solvene :rem a 
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lul:::-ic:ating oil extraction process and which does not constitute an 

embodiment of the invention; and 

Fiqure 2 is a schematic view of a preferred 8mbcdiment of the 

invention for recovering the solvent used in a lUl:>ricating oil 

ex~raction precess, also indicating some possible modifications. 

Although the description which now follows relates to the 

recovery of solvent from the extract solution from a lubricating oil 

ex~raction process, the invention is also applicable to recovering the 

solvent used in other types of solvent extraction processes (e.g. 

solvent de-waxing of lUl:>ricating oil 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 Fiqure l, in the solvent recovery plant known to the 

Applicants, extract solution in recovery tower feedline l (this 

solution comprising typically 75 to so volume ' extraction solvent, 

for example H-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 furnace 3. Most of tlle 

solvent in the extract solution is vaporised as it leaves furnace 3, 

the miXture passing into recovery (rectification) tower 4, which 

includes conventional rectification trays 15 for providing vapour­

liquid contact between the ascending vapours in the rectification 

tower 4 and the descending, cooler, liquia. ~he liquia pc~icn of the 

----------··-·--
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rnix~ure fed into the recovery tower through feedline l, together with 

descending liquid from the upper region cf the tower collecting at the 

~ewer bottom, exits the tower 4 through line 5 as liquid l:ott.oms 

product. 

Because cf the inevitable imperfect separation between solvent 

and aromatics in recovery tower 4, the liquid bottoms product contains 

residual amounts of solvent. In order to recover sul:2stantially all of 

this remaining sol ven~, the bottoms product. is passed to the tcp of 

st:-!ppinq tower 6 which is equipped with stripping trays and to the 

bottom of Which strippi."lg 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 e. '?he solvent vaporised in tower 6, together 

wit.h the stripping qas supplied through line 7, leaves the top of 

str!pping tower 6 through overhead line 9 and en'ter rectification 

tower 4 close to the entry point for the feed mix1:ure 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 introduced into the ~pper 

part of the tower 4, above the top tray, through line 10 branched off 

frcm a location in feedline 1 upstream of the furnace 3. Vapour 

leaving the top of tower 4 through line 11 is condensed in condenser 

:2, to form liquid product which is recycled to the solvent extraction 

'f1us Shee; Has Been Replaced 
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plan1: (not shewn ) • The si:rip gas passinq through overhead line ll 

.i.r.:o condenser 12 can be recycled to feed line 7. As already 

desc~ibed, liquid leaving the bottom-most tray of tower 4 com.bi.~es, in 

the bottom of the recovery tower, with the liquid portion of the .. 
mix:~re entering tower 4 from feedline l. 

contacting efficiencies between the liquid and vapour phases on 

the trays of tower 4 are typically low. Consequently, vapours leave 

the top of tower 4 through line ll at a temperature hiqher than the 

solvent dew point, i.e. the vapours are superheated. This can result 

in a constraint in the capacity of the solvent recovery plant if the 

capacity of condenser l2 is inadequate, because of the liquid phase 

(ccn~aminant) present in the overhead product. In addition, because 

the vapour is superheated, the overhead vapour leavinq throuqh line ll 

will contain an unwani:ed proportion of distilled ex1:ract material 

whi:h serves to c:on1:aminate the recovered solvent with extract and 

reduee the solvent's capacity to dissolve extract material when used 

in ~he trea1:er tower of the solvent extraction plant. Furthermore, 

owing to low tray efficiencies of recovery tower 4, the liquid leaving 

the l:)ottom-most tray of tower 4 contains a hiqher proportion of 

solvent than is desirable, and can result in overloading of the top­

mast trays cf stripping tower 6. F1nally, flooding cf the tap-most 

trays of tower 4 can occur if the delivery rate for the branched off 

ex~~act solution introduced into the upper part of recovery tower 4 is 

tao high, or if its temperature is sul:lstantially less than its bul:lble 

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

-··-------~········· 
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a smaller proportion of the solvent. in the branched off extrac-: 

solu:ion introduced into the recovery tower than desiral:>le will be 

vapourized on the top tray, thus overloading and flooding the tray. 

As a :-esult, liquid together with aromatic extract material therein 

may be entrained into overhead line ll. The liquid and aromati:: 

extract in the resulting overhead foam contaminate the recovered 

solvent and reduce the capacity of the recovered solvent, as explained 

earlier. 

Table 

condit:.ons 

l below sei:s out typical pressure and 

in th.e sol vent recovery plant desc!".il>ed 

reference to Figure l. 

temperature 

al:>ove with 

The embodiment of the invention shown in Figure 2 is al:>le to 

overcome these operational difficulties in a simple and effec-:ive 

manner. Many of the components of the solvent ~rac:icn plant 

depicted in Fiqure 2 operate in essentially the same way as :he 

corresponding components in Figure l. Such components are designated 

by the same reference numerals in Fiqure 2 and will not be descril:led 

in further detail herein. Table l also lists typical prevailing 

pressure and temperature conditions in the pl~t of Figure 2. The 

significance of the temperature differenc_es between the Figures l and 

2 plan~s will ce explained in the description, below, of the Figure 2 

emklQciment. 
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--------------------------------·~-------~-------~----------~ 

Figure l Figure 2 

~----~·~-------------·-----~---- -------~--------~---------~ 

Extract solution feed temperature to pre-heater 3: iso•c iso•c 

Extract solution feed temperature to tower 4: 32o·c J2o•c 

Liquid bottoms product temperature (line 5): 315•c 315•c 

Stripper bottoms product temperature (line B): 2so·c 2so·c 

overhead produc~ temperature from recovery tower: 21s·c 251o•c 

cyclone inlet temperature: 2ss•c 

cyclone vapour outlet temperature: 2ss·c 

cyclone liquid outlet temperature: 2ss•c 

system pressure: 3.5 Bar.g 3.5 Bar.g 

strip qas: N2 H2 

----- ---------------.-.-.-------·---·--------------· 

As shown in Figure 2, the overhead product leaving rectification 

tower 4 through overhead line ll is directed to an isothermal vapour-

liquid separator, preferably comprising cyclone l3. For a recovery 

tower typically 12 feet (3.S6 m) high, the cyclone would need tc be 

about 2 tc 3 feet (51.0 cm to 91.4 cm) in diameter. When the overhead 

product is a foamy stream awing tc 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 witll 

suitably-placed demis'ter pads or a crinkled wire mesh screen. The 

vapour phase passes along line lS to condenser 12, in which the v~pour 

condenses to (uncontamin- ated) liquid solvent, which can then :be 

recycled to the solven~ extraction plant. The separated liquid phase 

is reeurned to the recovery tower, along line 14, as liquid reflux. 

In the recei.fication tower, the small quantity cf solvent in the 

liquid reflux can be recovered as overhead solvent vapour, and the 

remaininCJ liquid phase can .be separated out and included in the .boetcm 

prcduct from the rectification tower. 

Although the :branched off liquid extract solution in :branch line 

10 can be introduced directly into the recovery tower 4 (as indi:ated 

.by reference numeral 10' ) above the uppermost tray, to serve as the 

descending cooling flow in the tower, preferably, as indica'ted in 

Figure 2, line 10 connects with the overhead line ll leading from the 

recovery tower 4 to the cyclone 13. Because the temperature ( e.q. 

iso·c) of the extract solution in line 10 is below that c2so·c} of the 

overhead product coming from the recovery tcwer and :because also the 

flow rate in overhead line ll is sufficiently larqe (e.g. typically 

between so and 300 m/s) that the flew is turDulent (with Reynolds 

numbers typically .between io7 and ioS) sc that thorough mixing of the 

branched off extract solution and tlle overhead product from the 

recovery tower is promoted in line ll, the temperature of the overhead 

product is reduced. This arrangement provides a very simple and 

-----~----·~---- ----------·---
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effec~ive means of alleviatin; the tendency towards flooding on the 

trays of tower 4, and thereby of increasinq its capacity. This is 

because the intimate mixing of the streams fed to cyclone lJ ensures 

that the temperature of the vapour leaving the cyclone through lin,e 15 

(2ss·c) is essentially equal to the dew point of the solvent. As 

such, any capacity limit of condenser 12 is alleviated, and the. 

proportion of extract distilled into overhead line ll and 

contaminating the recovered solvent is minimized or eliminated, 

because of operating at or close to the dew point of the solvent. The 

intimate mixing of the streams fed to cyclone 13 also ensures that the 

liquid leaving the cyclone through line 14 is essentially at its 

bubble point tempera- ture. The use of this liquid as reflux to 

rectification tower 4, coupled with the bypassinq af 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 liquid into overhead line ll. 

As in the Figure l embodiment, the vapourised solvent and strip 

qas passinq together through the overhead line 9 from the stripper 

tower s can be introduced ( thrcuqn feedline 9' ) into the recovery 

tower adjacent the entry location cf extract solution f eedline l. The 

operational benefits mentioned above, apart from the aforemen'tioned 

adverse effect an the capacity limitation on tower 4. c:an be still be 

realised. However, preferably, as shewn in Figure 2, line 9 leads 

~irectly to and connects with overhead line 11. '?hen, the capac:..:y 
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!i::litation of the recovery ~ewer and any tendency to ~ray flooding can 

be overcome tee. Although, as indicated in Tal:lle l, the temperature 

(315•c) of the solvent vapour and strip gas in overhead line 9 exceeds 

that ( 290 • c) cf the overhead product from the recovery tower 4, . the 

mixture inlet temperature ( 2ss•c) to the cyclone, and hence the 

cyclone vapour outlet temperature, can still be maintained at or close-

to the solvent dew point, because of the cooling effect of the extract 

solvent stream (temperature iso•c) introduced into overhead line ll~ 

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 

choice of this liquid ~eflux will depend on economic considerations, 

but either source will provide satisfactory operation. 

------··----~--------·· --------
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l. Apparatus for recovering a relatively volatile component of a 

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

solution, comprisinq a recovery tower for recoverinq the majority of 

the less volatile component as a liquid bottcms product and for 

recovering the lllCre volatile component in an overhead product compris-

ing gaseous phase of the more volatile component and a residual a.mount 

of liquid phase of the less volatile component, an isothermal 

separator for separating the residual amount of liquid phase (and any 

other liquid present) from the overhead product, and means for 

returning the separated liquid from the separator as liquid reflux to 

the recovery tower. 

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

separator comprises a cyclone. 

3. Apparatus as claimed in claim l or 2, wherein the recovery 

tower is provided with a feed line, inclucUnq a heater, for pre-

heatinq said solution and for feeding it, mainly as a vapour, t~ the 

recovery tower, and wherein a branch line is connected between an 

upstream location, relative to the hea~er, in said recovery tower 

feedline and a, er the said, overhead line from the recovery tower to 

the isothermal se~rator, fer feeding a branched-off prcpcrtion of the 

solution in the feed line of the recovery tower to said overhead line, 

--·------------------ -------- --------
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fer reducing the temperature of the overhead product to the dew point 

of the mere volatile co~pcnent. 

4. Apparatus as c!aimed in claim 3, further ccmprisinq a s;rip-

pinq tower having a feed line for feeding the liquid bottoms product 

from the recovery tower to the strippinq tower, a gas stripping line 

for supplying strip gas to the stripping tower to strip residual 

amounts of the more volatile component from the liquid bottoms 

product, and an overhead line for feeding said residual amounts of the 

more volatile component in vapour form, together with strip gas, to an 

overhead line from the recovery tower to the isothermal separator, so 

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. 

s. Apparatus for recovering a relatively volatile component of a 

solution from a less volatile component cf the solution, substantially 

as hereinbefore described with reference to F1911re 2 of the accompany-

ing arawings. 

ES. A methoa of recovering a relatively valatile component of a 

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

solution, :cmprising the steps of:-

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

solution ascends ma.inly in vaporised form: 

(b) contacting the hot ascendinq vapour with cooler desce~ding 

liquid under conditions in the recovery tower such that the majority 

of the less volatile ccmponent is recovered as a liquid 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 

componen~: 

( c) separating the residual amount of liquid phase of the less 

volatile component (and any other liquid present) from the gaseous 

phase of the more volatile component in an isothermal separation 

precess, so that substantially no liquid phase remains in the overhead 

product: and 

{ d) returning said separated liquid to the recovery tower as 

reflux. 

e. A method as claimed in claim 7, wherein residual quantities 

of the more volatile component in the liquid bottams product are 

removed Dy contact with ascending strip gas in a stripping tower and 

the removed residual quantities of the mcra volatile component, 

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

-------- ----- ···----·--·-·----~----
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ir.9 the residual amount: of liquid phase of the less volatile p~ase, 

the temperature of the overhead product after the liquid therei.~ has 

been separated therefrom being at or only sliqhtly al:love 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 into the recovery tower and a 

portion of the solution, before the solution is pre-heated, is 

branched off and miXed with the overhead product containinq the 

residual amount of liquid phase of the less volatile phase, the 

temperature of the branched off solution beinq below that of the 

overhead product from the recovery tower, so that the temperature of 

the overhead product after the liquid therein has been removed 

therefrom is at or only slightly above the dew paint cf the more 

volatile component. 

9. A method as claimed in any one of claims 6 to a, wherein the 

solution comprises the extract solution from a sol vent e~~=rac:ion 

process. 

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

solution from a less volatile component of the solution, substantially 

as herein.before described with reference to Fiqure 2 of the accompany­

inq drawings. 
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RECOVERING A RELATIVELY VOLATILE COMPONENT OF A SOLUT!ON 

FROM A LESS VOLATILE COMPONENT, E.G. AS IN SOLVENT RECOVERY 

0 ~~::n ~.~~ \'- \.' ~-1 

This invention, in its broadest sense, relates to apparatus and a 

method for recovering a relatively volatile component of a solution 

from 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 extrac:ion processes are very well known, for example in 

-
the oil industry. Examples of solvent extraction methods are lul:Jrica-

ting oil extraction, de-asphalting and lubricating oil de-waxing 

precesses. Usually, economics dictate that the solvent used in the 

solvent extraction pro~ess be recovered and recycled for re-use in the 

extraction process. 

Numerous techniques are known for recovering the solvent from the 

extract solution. Typically, the extrac~ solution is passed through a 

separator, for example a recovery tower, in which the sol vent is 

recovered from the extract product. However, due to inevitable 

separation inefficiency and carryover within the separator,· the 

recoverd sol vent contains residual amounts of the extract product. 

Usually, because of the presence of these residual amounts of the 

extract product in the recovered solvent, this solvent cannot merely 

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 recovery processes of background interest to 

the present invention are disclosed in U.S. Patents 4,482,453 (Coombs 

et al), 4,664;783 (Preusser et all and 4,997, 547 (Emmrich et al). 

In a typical lubricating oil extraction process, a distillation 

feed, comprising a fraction boiling 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 solution (i.e. a solution 

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 l. Essentially, 

however, this plant comprises - 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 provided with 

trays which are often refluxed with solvent or part of the solvent/ 

solute 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 li~"""----
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improve the solvent recovery, r-esidual quantities of solvent. in the 

liquid bottoms product from the recovery tower can be removed in a 

stripper and, together with strip gas, introduced into the recovery 

tower. Sol vent vapour produced overhead 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 liquid 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 ratios needed for such precesses are 

typically large and this in turn often results 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 

overhead. Thus, the treat ratio cf solvent-to-feed must be increased 

to obtain the desired solvent product quality. Energy costs to 

recover the additional solvent are correspondingly higher. The oily 

sci.vent 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 

THIS SHEET HAS BEEN 
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solvent vapour) leaving the top of the tower. These ~igh temperatures 

c:an cause large amounts of oil to be distilled overhead, thus wo_rsen­

ing the contamination of the solvent product. Additionally, high 

vapour temperatures also aggravate any solvent condensing capacity 

limitations on the condenser used to condense the overhead solvent 

vapour product from the recovery tower. In general, the closer 

together the boiling points are of the components of the recovery 

tower feed, the greater the carryover of extract product into the 

overhead product. 

The contamination of the solvent product resulting 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 sol vent, 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 a recovery tower for recovering the majority of the less 

volatile component as a liquid 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 liquid 

Phase of the less volatile component, an isothermal separator for 
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separatinq the residual amount of liquid phase (and any other liquid 

present) from the overhead product, and means for returning the 

separated liquid from the separator as liquid reflux to the recovery 

tower. 

According to the invention from another aspect, there is provided 

a method of recovering a relatively volatile component cf a solution 

from one {or more) less volatile component{s) of the solution, 

comprisinq 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 cooler descending 

liquid under conditions 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 gaseous phase of the more volatile 

component and a residual amount of liquid phase of the less volatile 

component; 

(c) separat~g the residual amount cf liquid phase_ of the less 

volatile component (and any ether liquid present) from the gaseous 

phase of the more volatile component in an isothermal separation 

process, so that substantially no liquid remains in the overhead 
----~----------·------

product; and 
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( d) rel:t:rning said separated liquid to the recovery. tower as 

reflux. 

Thus, the isothermal separator, separates the less volatile 

component, i.e. the oil in the case of processing the extract solution 

from a lubricating oil extraction process, from the more volatile 

solvent, which can then be condensed and recycled to the solvent 

exl:racticn plant. Furthermore, the separated oil, together with the 

small quantity of liquid solvent separated from the vaporised solvent, 

is used as reflux to the recovery tower, so that the oil can be 

separated-cut in the bottoms product and the liquid 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 liquid and vapour phases by the isothermal separator. A 

cyclone is a particularly simple and effective piece of equipment for 

this purpose. 

In a preferred embodiment, a portion of the extract solution feed 

to the recovery tower is branched off before the feed is pre-heated 

prior to introduction into the recovery tower and the branched off 

·portion is mixed with the recovery tower overhead product passing to 

the isothermal separator. The temperature (e.g. iso•c) of the 

branch ea off portion is below that (e.g. 290 • C) cf the overhead 

product, so as to reduce the temperature of the overhead product to, 

THIS SHEET HAS BEEN 
REPLACED 
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or just above, the dew point of the solvent, to desuperheat the 

overhead product and thereby substantially eli.l:linate the overhead 

distillation of oil and condenser overloading. In addition, tray 

flooding is reduced or eliminated, partly because the recovery tower 

can be operated at a higher temperature and partly because the 

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

Residual quantities of solvent in the bottoms product can be 

recovered in the conventional manner using a stripping tower. 

Preferably, the overhead recovered sol vent and strip gas from the 

stripping tower, instead of being 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 sol vent recovery plant would be set 

such that the temperature of the overhead product passing to the 

isothermal separator is at, or just 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:-

Figu.re 1 is a schematic view of one form of solvent recovery 

plant, which is-known to the Applicants fer recovering solvent from a 

THIS SHEET HAS BEEN 
REPLACED 
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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·, also indicating some possible modifications. 

Although the description which now follows relates to the 

recovery of solvent from the extract 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 oil 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 l, in the solvent recovery plant known to the 

Applicants, extract solution in recovery tower feedline l (this 

solution comprising typically 75 to 80 volume 'c extraction solvent, 

for example H-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 furnace 3. Most of the 
. 

solvent in the extract solution is vaporised as it leaves furnace 3, 

the mixture passing into recovery (rectification) tower 4, which 

includes conventional rectification trays 16 for providing vapour­

liquid contact between the ascending vapours in the rectification 

tower 4 and the descending, cooler, liquid. The liquid portion of the 

THIS SHEET HAS BE . ··EN 
REPLACED 
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mix~ure fed into the recovery 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 liquid .bottoms 

product. 

Because of the inevitable imperfect separation between solvent 

and aromatics in recovery tower 4, the liquid .bottoms product contains 

residual amounts of solvent. In order to recover substantially all of 

this remaining solvent, the bottoms product is passed to the top of 

stripping tower 6 which is equipped 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 a. The solvent vaporised in tower 6, together 

with the stripping gas supplied through line 7, leaves the top of 

stripping tower 6 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 introduced into the upper 

part of the tower 4, above the top tray, through line 10 .branched off 

from a location in feedline l upstream of the furnace 3. Vapour 

leaving the top of tower 4 throuqh line ll is condensed in condenser 

12, to form liquid product which is recycled to the solvent extraction 
-------------------

This Sheet Has Been R -·-----
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plant: (not shown). The st:rip gas passing through overhead line 11 

.ir.:o condenser 12 can be recycled to feed line 7. As already 

desc=ibed, liquid leaving the bottom-most tray of tower 4 combines, in 

the bottom of the recovery tower, with the liquid portion of the 

mix~ure entering tower 4 from feedline l. 

Contacting efficiencies between the liquid and vapour phases on 

the t:rays 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 vapours are superheated. This can result 

in a constraint in the capacity of the solvent recovery plant if the 

capacity of condenser 12 is inadequate, because of the liquid phase 

(contaminant) present in the overhead product. In addition, because 

the vapour is superheated, the overhead vapour leaving through line ll 

Will contain an unwanted proportion of distilled extract material 

Which 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 leavinq 

the bottom-most tray of tower 4 contains a higher proportion of 

solvent than is desirable, and can result in overloadinq of the top-

most trays of stripping tower 6. Finally, flooding of the top-most 

·trays of tower 4 can occur if the delivery rate for the branched off 

ex~ract solution introduced into the upper part of recovery tower 4 is 

too high, or if its temperature is substantially less than its bubble 

Point temperature. If the branched off extract solution is.too cold, ----------------------
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a smaller proportion of the solvent in the branched off extract 

solut:ion introduced into the recovery tower than desirable will be 

vapourized on the top tray, thus overloading and flooding the tray. 

As a result, liquid together with aromatic: extract material therein 

may be entrained into overhead line ll. The liquid and aromatic: 

extract in the resulting overhead foam contaminate the recovered 

solvent and reduce the capacity of the recovered solvent, as explained 

earlier. 

Table l- below sets out typical pressure and temperature 

conditions in the solvent recovery plant described above with 

reference to Figure l. 

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 components of the sol vent extraction plant 

depicted in Figure 2 operate in essentially the same way as the 

corresponding components in Figure l. such components are designated 

by the same reference numerals in Figure 2 and will net be described 

in further detail herein. Table l also lists typical prevailing 

pressure and temperature conditions in the plant of Figure 2. The 

significance of the temperature differences between the Figures l and 

2 ·plants will be ·explained in the description, below, of the Figure 2 

embodiment. ------------------
This Sheet Has B ------·---
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TABLE l 

-------------------------------------------- ------------
Fiaure l Fiaure 2 

----------------------------------
Extract solution feed temperature to pre-heater 3: iso·c iso·c 

Extract solution feed temperature to tower 4: 32o·c J2o·c 

Liquid bottoms product temperature (line 5): 315•c 315•c 

Stripper bottoms product temperature (line 8): 2eo·c 2ao·c 

overhead product temperature from recovery tower: 21s·c 29o·c 

Cyclone inlet temperature: 2es·c 

Cyclone vapour outlet temperature: 2ss·c 

Cyclone liquid outlet temperature: 2ss·c 

System pressure: 3.5 Bar.q 3.5 Bar.q 

Strip gas: H2 H2 

--------------------------

As shown in Figure 2, the overhead product leaving rectification 

tower 4 through overhead line 11 is directed to an isothermal vapour-

liquid separator, pre-ferably comprising cyclone 13. For a recovery 

tower typically 12 feet ( 3. 66 m) high, the cyclone would need to be 

about 2 tc 3 feet (61.0 cm to 91.4 cm) in diameter. When the overhead 

Product is a foamy 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 

THIS SHEET HAS BEEN 
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than a c:yc:lone c:an be used, such as a gravity settler using a large 

diameter vessel, an electrostatic precipitator, or a drum with 

suitably-placed demister pads or a crinkled wire mesh screen. The 

vapour phase passes along line 15 to condenser 12, in which the vapour 

c:ondenses to (uncontamin- ated) liquid solvent, which can then be 

recyc:led to the solvent extraction plant. The separated liquid phase 

is returned to the recovery tower, along line 14, as liquid reflux. 

ln the rectification tower, the small quantity of solvent in the 

liquid reflux can be recovered as overhead solvent vapour, and the 

remaining liquid phase can be separated out and included in the bottom 

product from the rectification tower. 

Although the branched off liquid extract solution in branch line 

lo can be introduced directly into the recovery 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 

Figure 2, line 10 connects with the overhead line ll leading from the 

recovery tower 4 to the cyclone 13. Because the temperature (e.g. 

lSO~C) of the extract solution in line 10 is below that {29o•c) of the 

overhead product coming from the recovery tower and because also the 

flow rate in overhead line ll is sufficiently large (e.g. typically 

between 50 and 300 · m/s) that the flow is turbulent (with Reynolds 

numbers·typically between io7 and ioB) so that thorough mixing of the 

branched off extract solution and the overhead product from the 

Lecovery.tcwer ·is promoted in line ll, the temperature of the overhead 

Product is reduced. This arrangement provides a very simple and 

THJs SHEI~T ~r 
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effec~ive 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 cyclone through line 15 

( 265 • c) is essentially equal to the dew point of the sol vent. As 

such, any c:apac:ity limit of condenser 12 is alleviated, and the 

proportion of extract distilled into overhead line ll and 

contaminating the recovered solvent is minimized or eliminated, 

because of operating at or close to the dew point of the solvent. The 

intimate mixing of the streams fed to cyclone 13 also ensures that the 

liquid leaving the cyclone through line 14 is essentially at its 

bubble point tempera- ture. The use of this liquid as reflux to 

rectification tower 4, coupled with the bypassing 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 liquid into overhead line ll. 

As in the Fiqure l embodiment, the vapourised solvent and strip 

gas passing together through the overhead line 9 from the stripper 

tower 6 can be introduced (through feedline 9' ) into the recovery 

tower adjacent the entry location of extract solution feedline l. 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 ll. Then, the capac!ty 

THJs SHEE · - .1 HAS BEFN 
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limitation of the recovery tower and any tendency to tray flooding can 

be overcome too. Although, as indicated in Table l, the temperature 

(J1s·c) of the solvent vapour and strip gas in overhead line 9 exceeds 

that (29o•c) of the overhead product from the recovery tower 4, the 

mixture inlet temperature c2ss·c) to the cyclone, and hence the 

cyclone vapour outlet temperature, can still be maintained at or close 

to the solvent dew point, because of the cooling effect of the extract 

solvent stream (temperature iso•c) introduced into overhead line ll. 

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 

choice of this liquid reflux will depend on economic considerations, 

but either source will provide satisfactory operation. 

-- ·-·--------------
·-·-------·--
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l. Apparatus fer recovering a relatively volatile component cf a 

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

solution, comprising a recovery tower for recovering the majority of 

.the less volatile component as a liquid bottoms product and for 

recovering the more volatile component in an overhead product compris-

ing gaseous 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 liquid phase (and any 

other liquid present) from the overhead product, and means for 

returning the separated liquid from the separator as liquid reflux to 

the recovery tower. 

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, fer pre­

heating said solution and for feeding it, mainly as a vapour, to the 

recovery tower, and wherein a branch line is connected between an 

Upstream location, relative to the heater, in said recovery tower 

feedline and a, or the said, overhead line from the recovery tower to 

the isothermal separator, fer feeding a branched-off proportion cf the 

Solution in the feed line of the recovery tower to said overhead line, 
---------·--------·--·---·-
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for reducing the temperacure of the overhead produc~ to the dew point 

of the more volatile component. 

4. Apparatus as claimed in claim 3, further comprising a strip-

ping tower having a feed line for feeding the liquid bottoms product 

from the recovery tower to the stripping tower, a gas stripping line 

for supplying strip gas to the stripping tower to strip residual 

amounts of the more volatile component from the liquid bottoms 

product, and an overhead line for feeding said residual amounts cf the 

mere volatile component in vapour form, together with strip gas, to an 

overhead line from the recovery tower to the isothermal separator, so 

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. 

s. Apparatus for recovering a relatively volatile component of a 

solution from a less volatile component of the solution, substantially 

as herein.before described with reference to Figure 2 of the accompany-

ing drawings. 

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

so.lution from one (or more) less volatile component ( s ) of the 

solution, comprising the steps of:-

----------------- -----
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(a) feeding the solution to a r-ecovery tower in which the 

solution ascends mainly in vaporised form; 

(b) contacting the hot ascending vapour with cooler descending 

liquid under conditions in the recovery tower such that the majority 

of the less volatile ccrnponent is recovered as a liquid 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 liquid phase of the less 

volatile component (and any other liquid present) from the gaseous 

phase of the more volatile component in an isothermal separation 

process, so that substantially no liquid phase remains in the overhead 

product; and 

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

reflux. 

a. A method as claimed in. claim 7, wherein residual quantities 

of the ~ore volatile component in the liquid bottoms product are 

removed by contact with ascending strip gas in a stripping tower and 

the removed residual quantities of the mere volatile component, 

together with strip gas, ~r~ mixed with the overhead product contain-
------·-·--·-------
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ing the residual amount of liquid 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 into 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 liquid 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 liquid therein has been removed 

therefrom is at or only slightly above the dew point · of the more 

volatile component. 

9. A method as claimed in any one of claims 6 to B, wherein the 

solution comprises the extract solution from a solvent extraction 

process. 

lO. A method of recoverinq a relatively volatile component of a 

solution from a less volatile component of the solution, substantially 

as hereinbefore described with reference to Fiqure 2· of the accompany-

ing drawings. ------------------ -
-·---- B Replaced 
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RECOVERING A RELATIVELY VOLATILE COMPONENT OF A 

SOLUTION FROM A LESS VOLATILE COMPONENT, E.G. 

AS IN SOLVENT RECOVERY 

ABSTRACT 

In a solvent recovery plant comprising a recovery 

tower (4) from which solvent product is recovered overhead, 

an isothermal separator, preferably a cyclone (13), is used 

to separate liquid phase contaminant (i.e. oil in a 

lubricating oil extraction process) in overhead product and 

to feed the separated liquid to the recovery tower as 

reflux. In additional, a portion of the feed to the tower 

can be branched off {in branch line 10) and mixed with the 

overhead product {in overhead line 11), to bring its 

temperature down to close to the dew point of the solvent 

vapour. In this way, flooding of the uppermost tower trays 

and distillation of oil overhead can be overcome. 

FIGURE 2. 
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This invention, in its broadest sense. relates to apparatus and a method for recovering a relatively '40latile compo· 

nent ot a solution from 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 extraction processes are very well known, ftlr example in the oil industry. Examples of solvent extraction 

methods are lubricating oil extraction. de-asphalting <ll'd lubricating oil de-waxing processes. Usually, economics die· 

tate that the solvent used in the solvent extraction process be recovered and recycled tor re-use in the extraction proc· 

ass. 
Numerous techniques are known for recovering the solvent from the extract solution. Typically, the extract solution 

is passed through a separator. far 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 solvent contains 

residual amounts of the extract product Usually, because of the presence of these residual amounts of the extract prod· 

uct in !he recovered solvent this solvent cannot merely be recyf ed to the solvent extraction plant rather, measures have 

to be taken to remove as much of the residual extract product as possible beforehand. Furthermore, trace quantities 

remaining after as much residual exvact product as poSSible has been removed effectively reduces the capacity of the 

solvent extraction plant 
Examples of solvent recovery processes of bad<ground interest to the present invention are disclosed in U.S. Pat· 

ents 4.482,453 (Coombs et al), 4,664,783 (Preusser et al) and 4,997, 547 (Emmrich et al). 

In a t'Jpical lubricating oil extraction process. a distillation feed, c:cmprising a fraction boiling in the lubricating oil 

range from a vacuum distillation tower, and solvent are separately fed to a solvent extraction tower, frcm which raffinate, 

i.e. lubricating oil and wax, is produced as overhead and extract solution Q.e. a solution of aromatics in solvent) is pro· 

duced as bottoms. One farm of plant known to the Appficants fer recovering the solvent from the exttact solution from 

a lubricating oil extraction plant will be desaibed in more detail hereinbelow witti reference to Figure 1. Essentially, how· 

ever. this plant ccmprises a recovery tcwer to which the solvent extract is fed. via a pre-heater, so lhat most of the sol· 

vent is vaporised as it enters !he tower, the remainder vaporising within the tower. The tcwer is a conventional distillation 

tower provided with 1rays which are often refluxed with solvent or part of the solvent/solute mixture. The ascending 

vapour is contacted with descending cooler liquid. for example branched off from the solvent extract feed befare it is pre­

heated. together with any reflux liquid. In order to improve the solvent recovery. residual quantities of solvent in the Hq· 

uid bottoms prcduct from the recovery tower can be removed in a stripper and. together with sttip gas, introduced into 

the recovery tcwer. Solvent vapour produced overhead 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 reycfed far re-use in 1he 

hbricating oil extraction plant A small amount of solvent vapour may condense to term liquid solvent in lhe overhead . 
lfne. . 

'There are three main problems with existing solvent recovery facilities such as exempfrfied above in a lubricating oil 

extraction plant FirsUy, the solvent/feed ratios needed far such processes are typically large and this in turn often 

results in flooding limitations in 1he re<:D/ery tower. Thus. 1he plant capacity cannot be increased unless the tQwer is 

replaced with a larger one. Such tower replacements 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 

overhead. Thus. the treat ratio of solvent-ta.feed rrost be increased ta obtain the desired solvent product quality • .Energy 

casts to recover the additional solvent are correspondfngly 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 temper· 

atures of the solvent vapours (superheated solvent vapour) leaving the tap of the tower. These high temperatures can 

cause large amounts of oil to be distilled overhead, thus worsening !he contamination of the sclvent product Addition· 

ally, high vapour temperatures also aggravate any solvent condensing capacity limitations on the c:andenser used to 

condense the overhead solvent vapour product from the recovery tower. In general, the doser together the boiring 

points are of the components of the recovery tower feed. the greater the carryover of extract prOduct into !he overhead 
product. 

The contamination of the solvent product rest.1lting from the effects mentioned above is very undesirable. for exam· 

pie, if !he oil content of the recyded solvent is 3% by volume, typically this would contribute around 15% to the loading 

on the plant capacity of the solvent otraciion plant. The contaminating oil. typically oc:cupying 3% by volume of the 

recycled solvent, causes the overhead vapour to appear as a foamy material. 
According to !he invention from one aspect. ltlere is provided an IR)aratus for recovering a relatively volatile com· 

ponent of a solution from one (or more) less volatile component(s) of the solution, COf1'4:)rising a recovery tower far 

rec:avering the majority of the less volatile component as a liquid 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 Hquid phase of the less volatile COr1120nent: 
which apparatus is characterized by Iha combination of: 
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an isothermal separator for separating the residual amount of liquid phase (and any other liquid pres r t 
overhead produd, and means for returning the separated liquid from the separator as liquid reflux to the recovery 
tower: · 

a feed line, including a heater, for preheating said solution and for feeding it. mainly as a vapour, to the recovery 
tower; and 

a branch line conneded between an upstream location, relative to the heater, in said recovery tower feed line and 
a. or the said, overhead line from the recovery tower to the isothermal separator, for feeding a branched-off propor· 
tion of the solution in the feed line of the recovery tower to said overhead line, for reducing the temperature of the 
overhead produd to the dew point of the more volatile component. 

According to the invention from another asped, there is provided a method of recovering a relatively volatile com· 
ponent of a solution from one (or more) less volatile component(s) of the solution, comprising the steps of :· 

feeding the solution to a recovery tower in which the solution ascends mainly in vaporised form; 

contacting the hot ascending vapour with cooler descending liquid under conditions in the recovery tower such that 
the majority of the less volatile component is recovered as a liquid bottoms product and the more volatile compo· 
nent 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: 

which process is charaderized by the steps of: 

(a) preheating a portion of the solution before it is introduced into the recovery tower: 

(b) conducting another portion of the solution, before the solution is preheated, to a mixing location with the 
overhead produd containing the residual amount of liquid phase of the less volatile component. the tempera· 
ture of the said other portion of solution being below that of the overhead product from the recovery tower, so 
that the temperature of the overhead product after the liquid therein. has been removed therefrom is at or only 
slightly above the dew point of the more volatile component. 

(c) separating the residual amount of liquid phase of the less volatile component (and any other liquid present) 
from the gaseous phase of the more wlatile component in an isothermal separation process. so that substan· 
tially no rrquid remains in the overhead produd: and 

(d) returning said separated liquid to the recovery tower as reflux. 

Thus. the isothermal separator, separates the less volatile component. i.e. the oil in the case of processing the 
extract solution from a lubricating on extraction process, from the more volatile solvent. which can then be condensed 
and recycled to the solvent extraction plant. Furthermore, the separated oil, together with the small quantity of liquid sol· 
vent 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 liquid 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 liquid and vapour phases by the isothermal 
separator. A cyclone is a particularly simple and effective piece of equipment for this purpose. 

In a preferred embodiment. a portion of the extract solution feed to the recovery tower is branched off before the 
feed is pre-heated prior to introduction into the recovery tower and the branched off portion is mixed with the recovery 
tower overhead product passing to the isothermal separator. The temperature (e.g. 1S0°C) of the brandied off portion 
is below that (e.g. 290°C) of the overhead product, so as to reduce the temperature of the overhead product to, or just 
above, the dew point of the solvent, to desuperheat the overhead product and thereby substantially eliminate the over· 
head distillation of oil and condenser overlo~ing. In addition, tray flooding is reduced or eliminated, partly because the 
recovery tower can be operated at a higher temperature and partly because the branched off portion of the recovery 
tower feed bypasses the tower. · 

Residual quantities of solvent in the bottoms produd can be recovered in the Conventional manner using a stripping 
tower. Preferably, the overhead recovered solvent and sbip gas from the stripping tower, instead of being introduced 
into the recovery tower in its lower region as would be conventional when using a stripping tower, Is mixed with the over· 
head produd passing from the recovery tower to the isothermal separator. This contributes to alleviating the loadfng·on 
the upper trays in the recovery tower. Again, the operating conditions within the solvent recovery plant would be set 
such that the temperature of the overhead product passing to the isothermal separator Is at. or just above, the dew point 
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of the solvent vapour. 

For a better understanding of the inVention and to show how the same may be carri 
be made. by way of example. to the accompanying drawings, in which:-
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Figure t is a schematic view of one form of solvent recovery plant. which is known to the Applicants for recovering 
solvent from a 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 lubri· 
cating oil extraction process, also indicating some possible modifications. 

Although the description which now follows relates to the recovery of solvent from the extract solution from a lubri­
cating 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 oil 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 % ex1raction solvent, for example N-methyf-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 furnace 3. Most of the solvent in the extract solution is vaporised as it leaves furnace 3, the 
mixture passing into recovery (rectification) tower 4, which includes conventional rectification trays 16 for providing 
vapour-liquid contact between the ascending vapours in the rectification tower 4 and the descending, cooler, liquid. The 
liquid portion of the mixture fed into the recovery 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 liquid bottoms product. 

Because of the inevitable imperfect separation between solvent and aromatics in recovery tower 4, the liquid bot· 
toms product contains residual amounts of solvent. In order to recover substantiaJly all of this remaining solvent. the bot· 
toms product is passed to the top of stripping tower 6 which is equipped 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, together with the stripping gas supplied through line 7, leaves the top of stripping tower 6 through overhead line 9 
and enter rectification tower 4 close to the en1ry 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 introduced into the upper part of the tower 4, above the top tray, through line 10 
branched off from a location in feedRne 1 upstream of the furnace 3. Vapour leaving the top of tower 4 through line 11 
is condensed in condenser 12, to form liquid product which is recyded to the solvent extraction plant (not shown). The 
strip gas passing through overhead line 11 into condenser 12 can be recyded to feed lilie 7. As already described, liq­
uid leaving the bottom-most tray of tower 4 combines, in the bottom of the recovery taaer, with the liquid pation of the 
mixture entering tower 4 from feedline 1. 

Contacting efficiencies between the liquid and vapour phases on the trays of tower 4 are typically low. Conse· 
quently, vapours leave the top of tower 4 through line 11 at a temperature higher than the solvent dew point, i.e. the 
vapours are superheated. This can result in a constraint in the capacity of the solvent recovery plant if the capacity of 
condenser 12 is inadequate. because of the liquid phase {contaminant) present in the overhead product. In addition, 
because the vapour is superheated. the overhead vapour leaving through line 11 will contain an unwanted proportion 
of distilled extract material which 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 propor­
tion 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 rate for the branched off extract solution introduced into the 
upper part of recovery tower 4 is too high. or if its temperature is substantially less than its bubble point temperature. If 
the branched off extract solution is too cold, a smaller proportion of the solvent in the branched off extract solution intro­
duced into the recovery tower than desirable will be vapourized on the top tray, thus overloading and flooding the tray. 
As a result. liquid together with aromatic extract material therein may be entrained into overhead line 1 1. The liquid and 
aromatic extract in the resulting overhead foam contaminate the recovered solvent and reduce the capacity of the 
recovered solvent. as explained earlier. 

Table 1 below sets out typical pressure and temperature conditions in the solvent recovery plant desaibed above 
with reference to Figure 1. · 

The embodiment of the invention shown in Figure 2 is able to overcome these operational difficulties in a si!lllle 
and effective manner. Many of the components of the solvent 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 Figure 2 and will not be described in further detail herein. Table 1 also lists typical prevailing pressure and 
temperature conditions in the plant of Figure 2. The significance of the temperature differences between the Figures 1 
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and 2 plants will be explained in the description, below, of the Figure 2 embodiment. 

TABLE 1 

Figure 1 Figure2 

Extract solution feed temperature to pre-heater 3: 1so•c 15o•c 

Extract solution feed temperature to tower 4: 320°C 320'C 

. Liquid bottoms product temperature (One 5): 315°C 315'C 

Stripper bottoms product temperature (line 8): 2so•c 280°C 

Overhead product temperature from recovery tower: 275°C 290'C 

Cyclone inlet temperature: . 26S"C 

Cyclone vapour outlet temperature: . 265°C 

Cyclone liquid outlet temperature: . 265°C 

System pressure: 3.5Bar.g 3.5 Bar.g 

Strip gas: ~ Na 

As shown in Figure 2, the overhead produd leaving rectification tower 4 through overhead line 11 is directed to an 
isothermal vapour-liquid separator, preferably comprising cycfone 13. For· a recovery tower typically 12 feet (3.66 m) 
high, the cycJone would need to be about 2 to 3 feet (61.0 cm to 91.4 cm) in diameter. When the overhead product is a 
foamy stream owing to the presence of entrained lfquid and aromatic extract material, the cydone functions to collapse 
the foam, so as to separate the ric;uid phase of the overhead product from its vapour phase. Alternatively, other farms 
of isothermal separator than a cyclone can be used, such as a gravity setUer using a large diameter vessel, an electro­
static precipitator, or a drum with suitably-placed demister pads or a crinkled wire mesh screen. iha vapour phase 
passes along line 15 to condenser 12. in which the vapour condenses to (Uncontamin· ated) liquid solvent, which can 
then be recycfed to the solvent extraction plant. ihe separated liquid phase is returned to the recovery tower, along line 
14, as liquid reflux. In the rectification tower. the small quantity of solvent in the liquid reflux can be recovered as over· 
head solvent vapour, and the remaining liquid phase can be separated out and included in the bottom product from the 
redification tower. . 

Although the branched off liquid extract solution in branch line 1 O can be introduced directly into the recovery tower 
4 (as Indicated by reference numeral 101 above the uppermost tray, to serve as the descending cooling flow in the 
tower, preferably. as indicated in Figure 2, line 10 connects with the overhead fine 11 leading from the recovery tower 4 
to the cyclone 13. Because the temperature (e.g. 150°0) of the extract solution in line 10 is below _that (290°C) of the 
overhead product coming from the recovery tower and because also the flow rate in overhead line 11 is sufficlentfy large 
(e.g. typiailly between 50 and 300 mis) that the flow is turbulent (with Reynolds numbers typically between 107 and 108> 
so that thorough mixing of the branched off extract solution and the overhead product from the recovery tower is pro· 
mated in line 11, the temperature of 1he overhead product is reduced. This ~gement provides a very simple and 
effective means of alleviating the tendency towards flooding on the trays of tower 4, and thereby of increasing its capac· 
ity. ihis is because the intimate mixing of the streams fed to cyclone 13 ensures that the temperature of the vapour leav· 
ing the cydone through line 15 (265°C) is essentially equal to the dew point of the solvent. As such, any capacity limit 
of condenser 12 is alleviated, and the proportion of extract distilled into overhead line 11 and contaminating the recov­
ered solvent is minimized or eliminated, because of operating at or close to the dew point of the solvent. ihe intimate 
mixing of the streams fed to cyclone 13 also ensures that the liquid leaving the cydone through Hna 14 is essentially at 
i1s bubble point tempera· ture. The use of this liquid as reflux to rectification tower 4, ccupled with the bypassing 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 liquid into aver· 
headline 11. · · 

As in the Figura 1 embodiment. the vapourised solvent and strip gas passing together through the overhead line 9 
from the stripper tower 6 can be introduced (through feedllne 9') Into the recovery tower acflacent 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 realized. However, pr~y. as shown in Figure 2. line 9 leads directly 
to and connects with overhead llne 11. ihen, the capacity llmitatfon of the recovery tower and any tendency to tray 
flooding can be overcome too. Although, as indicated In ~e 1, the temperature (315°C} of the solvent vapour and strip 
gas in overhead line 9 exceeds that (290°CJ of the overhead product from the recovery tower 4, the mixture Inlet tern· 
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perature (265°C) to the cyclone, and hence the cyclone vapour outlet temperature, can n a or close 
to the solvent dew point. because of the cooling effect of the extract solvent stream (temperature 1so•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 choice of this liquid reflux will depend on economic considerations, but either source will pro· 
vicle satisfactory operation. 

Cl alms 

1. Apparatus for recovering a relatively volatile component of a solution from one (or more) less volatile component(s) 
of the solution, comprising· a recovery tower ( 4) for recovering the majority of the less volatile component as a liquid 
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 Rquid phase of the less volatile component; 

which apparatus is characterized by the combination of: 

an isothermal separator (13) for separating the residual amount of liquid pha&e (and any other liquid present) 
from the overhead product; 

means (14) for returning the separated liquid from the separator as liquid reflux to the recovery tower (4); and 

a feed line (1), including a heater (3), for preheating said solution and for feeding it. mainly as a vapour, to the 
recovery tower (4); 

a branch line (10) connected between an upstream location, relative to the heater (3), in said recovery tower 
feedline (1) and a, or the said, overhead Une (11) from the recovery tower (4) to the isothermal separator (13), 
for feeding a branched-off proportion of the solution in the feed line (1) of the rectNery tower (4) to said over· 
head line (11 ), for reducing the temperature of the overhead product to the daw point of the more volatile com­
ponent. 

2. Apparatus as claimed in claim 1, wherein said isothermal separator (13) comprises a cyclone. 

3. Apparatus as claimed in claim 1 or claim 2, further comprising a stripping tower (6) having a~ line (5) for feeding 
the riquid bottoms product from the recovery tower (4) to the stripping tower (6), a gas stripping line {7) for supplying 
strip gas to the stripping tower (6) to strip residual amounts of the more volatJ1e component from the liquid bottoms 
product. and an overhead line (9) for feeding said residual amounts af the more volatile C0"1)0nent in vapour form, 
together with strip gas, to an _overhead line (11) from the recovery tower to the isothermal separator, so that the 
overhead product from the recovery tower, together with residual amounts of the ~re volatile component anct strip 
gas from the stripping tower (6), are fed as a mixture in said overhead line (11) to the isothermal separator (13). 

4. A method for recovering a relatively volatile component of a solution from one (or more) less volatile component(s) 
af the solution, comprising the steps of:· 

feeding the solution to a recovery tower in which the solution ascends malnly in vaporised form; 

contacting the hot ascending vapour with cooler descending liquid under conditions in the recovery tower such 
that the majority af the less volatile component is recovered as a liquid bottoms product and the more volatile 
component is recovered overhead in an overhead product comprising gaseous phase of the more volatile com· 
ponent and a residual amount of liquid phase of the less volatile .component; 

which process is characterized by the steps of: 

(a) preheating a portion of the solution before it is introduced into the recovery tower: 

(b) conducting another portion of the solution, before the solution is preheated. to a mixing location with 
the overhead product containing the residual amount of liquid phase of the less volatile component, the 
temperature of the said other portion of solution being below that of the overhead product from the recov· 
ery tower. so that the temperature of the overhead product after the llquid therein has been removed there-

. ------·------ -------· -1romJs_ator only slightly above the daw point of the more volatile component; 
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present) from the gaseous phase of the more volatile component in an Isothermal separation process. so 
that slbstantfally no liquid ph~se remains in the overhead product; anc:t · · 

(d} returning said separated liquid ta the recovery tower as reflux. 

5. A method as claimed in claim 4, wherein residual quantities of the more volatile component in the liquid bottoms 
product are removed by contact with ascending strip gas in a stripping tower and the removed residual quantities 
of the mare volatile co~ent. together with s1rip gas, are mixed with the overhead product containing the residual 
amount of liquid phase of the Jess volatile component, 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 CO"l'Onent. 

6. A method as claimed in daim 4 ar daim 5, wherein the solution comprises the extract solution from a solvent 
extraction process. 



. ... - : . .,._. :,..,."- .<~; .. ... -.:, . . , ~,.,,,,..· ,::: .... ·-.·····- ., .. , •. "'-·'-"'·' _ .... 

REPLACEMENT SHEET 

1 A DEC 1997 



,_ -- -- - ·--·--·---· -·--·-· -------· 

l lllllll llllll llllt 11111 \\ \II\ 
* C L M S * 

REPLACEMENT SHEET 

27 MAY 1998 

- 5 -

f:ll!ratt.iri (ZS=":; :c ::-:a ·:·1r.!Ct1F!, lr.c Mitr.ca :not '='/C::Cn .. •1.11:cur '!1.; .. er • • • rne<: 11 .:r .::c:la 
ta rtte :;elvF!r.r ~ew ;:cint. ":l!C:lu:l.a ·Jt ll'!e :::crinc; irlF!C: ::: :M i.tt:'lC: ~c1•1 l!n: ;:r'!am ( ter.1:er:i1ur" I !c•q 1ncrc<::.cac into 

ov1trnead lir.a : t . 

..irse. :r'!s~ ~1·1ent rr:ay ':a u::~ in ;:racl i:t i:r :c l1.;::to!mer:: :th1 ~ac::: 1c1uacn acce<: :o C'/r:!Cne l:? :r:rcuc;n 
t:ranc:i line :c. i':iot :es• -;!'lcrc3 ct :t:rs :ic:uic: :'!flt.:.:< 'Nill :acl!r.C: .:n ~::r.c::-:rc c:r::;ic:er:iacns. t:ut itt::l!r ~curca ·Nill i:r::· 
viCa sa:i:orac:::r1 c::itr:l[!cn. 

c:alms 

-n ·s-- --1-- - ·- 1 •-1 '- · _, "c;· ..... __ .,.,,. ,.,,. ... .,,.., ,.-.ar l'c:·~,. -· ... s •1 
ca I ...... er ... 4 ~=~c&t"aL ... r \ .... , .... : Sf!!:ara:r.; ~a :'JJS:::!.:a1 Gr:-::::Jr.: .... ,, -·"-:-··--'Iii ".."""'w .a.•1 ...... _ ' -- :-4- ar.,, 
f:':r.: ::-:a C'1emeac ;r:ct.:c::: 

a :ff': !ir.: { '! ). ir:::!t.:cin; a heat:r \:J). ~::r ;ret:ea:ir:; said s~:t;::c:r: ar.:: !er fae-:!r:; ::. r.-.GirJy as a •1a:::.:r. ~c =:e 
rec:-1er:: :~N'it {.!): 

a ::-ar:~:: ;ir.e ( 1 C) c:.~r:ec:ac :e~.veer. ar: i.::si:'ea.r.: :cc3:fc~. re!a:-1e :c ~e !:earar {:?i. ir. sa:C :&'::'1'!t'"f tC'Ner 
feec!i~a ~~) ar.: a. c:- =:e saic. :-.1er:-:eac fine (i ~} !:::r:: :::e ~:c=1:jr/ :C-N4r !~i :c :~e ;s:::-:er:-:-.at sacar;::~ :i~}. 
~:- fa=:!r:; ! ::rai::.-:a<:·:~ ;::c=r::c:i :t t..,e sch.-:fc:-: in ::-:e ~er- !ir.e ( ~) =: =:e r'l:'::.-ery :c-Ner {..:.} :: saic: ::1'!.r· 
haac !ir.e ~ t ~}. ~: :a::.:c:nc; :ia :e:.;:ara:-..:re et :::a .:-1tr.i:eaC:: ::-:::!.;:: :c :-:e i::.:w ;::r.: :: ::~a ::'!c:: ·1c:a::ia =~· 
~::::::.:. 

3. · -°"=;:arat:.:S as :!air:-:ee i~ =aim t er .:!aim 2. !t:rtt:er c:m;:risir:; a s::t;:;:ir:; tcw-er (Si hiMr:c; a !aec :ir.e 'Si ~: !e~; 
· tr:e li<:"~ic: ':c:c= .;::;c:.:c:: :rem :r.e rec:ver-1 tc"Ner (-') tc tr.a s:rt;:;:inc; :ewer (Si. a gas s::1;::;:ir:c; line {7) i::r. St:;:iyir:c; 
s:ri; gas :: :r.e ~;:inc; tcwer (SJ tc s:r::: resic:.:al a."T:C:.:rns ct :r.e mere •tc:latile c::m;:c:ner:t frcrn :t:e li'"°~x: :e=ms 
prcci.:c. ar.c ~ cvemeac line ($) fer fe~r:c; saic resic:zal amc:-..:r::s c:t ::e mc:a vdanle c:r:;:cr:er:t iii oraicur =~· 
t~e~er 'M:r. s:.-l; ~. :a an cvemeac: line (1 t) fret'!': :.-:e rec::-1ery tcwer re rt:e ise:nerma.I sacararcr. sc :::at :::e 
cvert:esc: :::c-..:c:: frcm :t:e rec:.ver'J tc"Ner. ~ether"Nit:: rasi::.:a.I ;r.o.c:ur::s ct ::e tr.ere vc:latile e::rr:;:cner.: it'!C s:rip 
gas lrcr:": :t:e s:r:i:;:ir:c; tc"Ner (6). are fed as a mix:l.:ra in said c:vemeiiC line (1 ~} ra ~e is..""ttt.ermal saparat:r (13). 

· 4. A me~cd ~ ;ee::verir:; a relatively vclatile c::m;:c:nen: c:f a sclt.-:icn frcm cne (c:r rr.cre) less vclatile c:::m;cr:ern(s) 
ct :t:e scli.::icn. c::m:risir:; :t:e ster::s cf:· · • 

fee:":r.; tne scfc.:ric:n ta a reer;:.1er1 tC:'Ner in wiiiC::: ti'!' sch.1fcn ;.scar.Cs mainly in ~risad fcrm: 

· c::r::ac::ing :he hct ascencing ~cur "Nith c::c:ler ces:ar:dng ~d ur.der c::tldlicns in me rec::1ery tcwer S1:c:h 
:t:~: :r:e r.-.ajcrity cf me less vcfacile c::r::;:c:tent is :ec::verae as a lic;uid tott=ms ;:ircduc: ar.d lt'le mcra volatile 
c::r.;:cnent is rec:::vered avemeac in an overhead i:rccuc: c::m~sing gasecus phase ct the mere vclatile =m· 
pcner:t anc a resic!i.:al amount ct ric;uid pnase cf Iha less vclatife c:::imponenc: · 

which precess is c:trarac:erized by the ster::s of: • 

{a) i:reheating a pardon of Iha solution beicre it is imroeuc:ed into Iha rec=very ~er: •' .... 
. . . . . . ·.;. .. :· 

(b) cc:ncfudng anod'ler p~rtion cf me solution, befare the salutfan Is praheared. to a mixing loc:aricn With · · 
me avemead produc: c:::intaining rhe residual amount cf liquid phase ct Iha less valatile co1112anenc. rhe 
temperacure of the said other portion of saluticn being below !hat af me O\'erhead prccfuc: from !he rec:ev· 
ery rower, so !hat !he temperature af !he cvemead product attar !he liquid therein has been ramcvecf there­
from is at or only slignUy above Iha dew paint of lt'I• mare volatile companem: 

(c) separaling Iha residual amount oi liquid phase of Iha less volatile CO"l'Qnent (and any omer llquid 
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RECOVERING A RELATIVELY VOLATILE COMPONENT OF A 

SOLUTION FROM A LESS VOLATILE COMPONENT, E.G. 

AS IN SOLVENT RECOVERY 

ABSTRACT 

In a solvent recovery plant comprising a recovery 

tower (4) from which solvent product is recovered overhead, 

an isothermal separator, preferably a cyclone (13}, is used 

to separate liquid phase contaminant (i.e. oil in a 

lubricating oil extraction process) in overhead product and 

to feed the separated liquid to the recovery tower as 

reflux. In additional, a portion of the feed to the tower 

can be branched off (in branch line 10} and mixed with the 

overhead product (in overhead line ll), to bring its 

temperature down to close to the dew point of the solvent 

vapour. In this way, flooding of the uppermost tower trays 

and distillation of oil overhead can be overcome. 

FIGURE 2. 
_....,...,. .... llliillfn ... _iiS'-···-· ... ·--·-·-,~ 
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