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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 
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( 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, 

-··-------~········· 



----------------·-· -····--·····-·····--·---
--.. -. ·c.,,,.. ••· .~•.;.. -· 

WO 93/23131 
- ll - PCT/US93/04724 

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. 


