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1 
This invention relates to the solvent extractive 

separation of close boiling compounds. In one of ' 
its more specific aspects it relates to liquid-liquid 
extraction for ‘the separation of close boiling com 
pounds at atmospheric temperatures. 
The general'problem with which the present in 

vention is concerned is the separation of com 
pounds whose normal volatilities are such that 
the separation cannot be- accomplished easily by 
ordinary distillation methods. The problem is 
especially serious in the case of separation of 
ole?ns from para?lns and ‘diole?ns from olefins, 
particularly butylenes from normal butane and 
1,3-butadiene from normalliutylene. The prob 
lem of such separation arises in the manufacture 
of butadiene from normal butane by 2-stage cat 
alytic dehydrogenation, the normal butane being' 
converted to normal butylenes in the ?rst/stage 
and the normal butylenes being converted to 
butadiene in the second stage. - 
At presentthese separations are accomplished 

either by extractive distillation processes which 
alter the relative volatilities of‘the compounds or 
byprocesses such ‘as the copper-ammonium ace 
tate process wherein one of the compounds en 
ters into loose chemical combination with the 
solution and is thus removed from the stream be 
ing processed. The heat requirements of extrac 
tive distillation processes are unduly large com 
pared with the heat theoretically necessary to 
make the separations. Solvents for use at the 
high temperatures necessary in extractive distil 
lation processes are always expensive, and in 
many cases are unstable and deteriorate at proc 
ess temperatures. Furfural is a typical example. 
In addition, at these high temperatures there are 

’ many corrosion di?iculties. 
The presence of excessive quantities of acetyl 

ene and ammonia in the ?nished product con 
stitutes two major disadvantages of thelcopper 
ammonium acetate process. Acetylene in the ?n 
ished butadiene results in inferior rubber. Am 
monia in the butadiene seriously retards subse 
quent polymerization processes. 
When liquid-liquid extraction methods are 

used, the separations can be accomplished with 
a fraction of the energy requirements of the ex 
tractive distillation processes. The disadvantages 
of solvent deterioration and corrosion at high 
temperatures are also overcome. In addition, the 
?nished product does not contain the excessive 
quantities of ammonia which are present when 

" the copper-ammonium acetate process is used. 
I have discovered a method for separating such 

close boiling compounds by liquid-liquid extrac 
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tion under atmospheric temperature conditions. 
An object of my invention is to provide an im 
proved solvent extraction method. Another ob 
ject of my invention is to provide a method for 
the separation of close boiling chemical com- 
pounds. Still another object of my invention is 
to provide a method for the separation of close 
boiling compounds which requires the expendi- _ 
ture of minimum amounts 01' energy. Still an 
other object is to provide a solvent extraction 
process for separating close boiling compounds 
under atmospheric temperature conditions. Still 
other objects and advantages will be apparent 
upon reading the following description and when 
taken in conjunction with the drawing respective 
ly describes and illustrates a preferred method of 
operation. 
In the drawing, 
Figure 1 illustrates a ?ow diagram for the ex 

tracitsive separation of two close boiling compo 
nen . - 

Figure 2 illustrates a method for the separation _ 
of a three component system into the three indi 
vidual components by my extraction method. 
Referring now to Figure 1, reference numerals 

l2 and 2| refer to vessels or towersadapted for 
carrying out liquid-liquid extraction operations. 
Vessels 25 and 3| are fractionator towers of con 
ventional design for the separation of a separated 
compound from a solvent by distillation. The 
vessel I2 herein termed the primary extraction 
tower is equipped with pipes ll, l3, l4, l5 and II 
through which materials pass into or out of the 
tower l2. Pipes I4, 22, 23 and 24 are attached 
to the secondary extraction tower 2| and serve‘ 
to conduct materials to or from this tower. Lines 
23, 26 and 21 are adapted to convey materials into 
or from the fractionator vessel 25.v Lines I5, 32 

_ and. “are likewise adapted to conduct materials 
40 
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to or from the fractionator vessel 3|. Pipe 21 is 
connected to a cooler 38 and pipe 33 is likewise 
connected to a cooler 39. Vessels 28 and 34 are 
merely accumulator or separator tanks for per 
mitting stocks to separate into two‘liquid phases. 
Pipes 29 and 35 are connected to the upper por 
tions 01' tanks 28 and 34 respectively, and are in 
tended to permit removal of the light liquid phase 
which forms in these separators. Pipes 38 and 39 
are connected to the bottom portions of the sepa 
rator tanks 28 and 34 respectively, and are adapt 
ed to remove the heavier of the two liquid phases. 
Pipes 29 and 35 are manifolded into the pipe 22 
while pipes 30 and 38 are manifolded into pipe 31 
which in turn is connected with pipe 24 as shown 
in the drawing. 
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The extraction towers vl2 and 2| may be of any 
desired internal construction provided of course, 
they are adapted to promote intimate contacting 
between the several liquid phases ?owing coun 
tercurrently or otherwise through these vessels. 
Inv a ‘similar manner the fractionator towers 2| 
and 3| may be of any particular design such as 
bubble cap or perforated trays or packed columns, 
provided they are adapted to carry out at least a 
reasonably efilcient fractionation. 
In the operation oi’ my process as practiced‘ 

. according to the method of the ?ow diagram 
shown in Figure 1, a feed stock enters the ex 
tractor tower |2 at about a mid point through 
teed pipe '||. A two component stock for sep 
aration into the two components may be such 
a stock as a mixture of one or more of the 
isomeric heptanes and cyclo-hexane. The sep 
aration of some of the isomeric heptanes :trom.~ 

' one another or from cyclohexane is ailyerytedious 
and dimcult problem it not aimos't'ii'mpossible 
by fractionation methods since their vboiling 
points are very close together. I will explain 
the operation of the process illustrated in Figure 

' 1 for the separation of cyclohexanefrom one 
.or more of the isomeric heptanes, the cyclo 
hexane being removed as ‘one product of the 
process while the one or more isomeric heptanes 
will be produced as the second product of the 
process. , ,7 > 

As mentioned, this mixed feed stock may be 
passed into the extraction tower l2 through 
pipe II at 'about a mid point. A ?rst solvent 
enters the extraction tower at the top through 
pipe l3. As an example of a satisfactory pri 
mary solvent, I will describe the use 01' turiural. 
Furfural has a speci?c gravity greater than 1 
while the hydrocarbons being separated “all have 
speci?c grav'ities of less than 1. Consequently 
the hydrocarbon feed stock entering through 
pipe H tends toriseinthe extractor l2incounter 
current relation to the down?owing relatively 
heavy i’urfural. Furfural selectively dissolves or 
extracts the cyclohexane from this hydrocarbon 
mixture and a cyclohexane rich extract leaves 
the tower l2 through the outlet pipe M. The 
remaining or ramnate phase leaves the top of 
the vessel through the overhead pipe I! and 
is transmitted to the fractionatcr 3|. Some 
cyclohexane as subsequently separated may be 
added to the bottom of this extractor through 
pipe Hi and this added cyclohexane serves to 
re?ux the extract material leavingthrough pipe 
II. This re?uxing assists in removal of any 
isomeric heptanes which might tend to be car 
ried out in the extraction. The cyclohexane so 
.added, of course, dissolves in the extract phase‘ 
and by this solution in the extract phase tends 
to displace any oi! the isomeric heptanes and 
to liberate them as a lighter phase which will 
then rise up the tower under the in?uence of 
gravity and join the main portion of ra?inate 
in the top of the extractor since as mentioned 
before these isomeric heptanes are lighter than‘. 
the down?owing furi’ural. 
The rafllnate phase leaving the vessel |2 

through the overhead line I! passes to the frac-, 
tionator 3| from which the isomeric heptanes. 
leave as the overhead product through the over 

' head pipe 32 while any solvent carried in solu-‘ 
tion in the rai?nate phase accumulates in the 
bottomand is removed through the bottoms 
draw 33. Bottoms product passing throughthe 
bottom drawer line 33. is- cooled in cooler 3! 
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separation into two liquid phases may occur. ' 
‘Some of .a secondary solvent, the use of which 

is explained subsequently, ?nds its way into the ' 
primary solvent or iuriural and both these sol 
vents accumulate as bottoms in the fractionator 
3|. It is these two solventsv then which sep 
arateinto the two liquid phases in the accumu- ' 
later or separator vessel 34. The heavier liquid 
or iurfural leaves the bottom of the separator 
34 through the pipe 33 ‘and ?ows through pipes 
31 and‘ 24 into pipe l3 and from pipe-l3 the 
furiural enters the primary extractor to. com 

‘ plete this portion of the iuriural cycle. 
The extract phase leaving the extractor | 2 

through pipe I‘ contains, oi course, mainly tur 
iural and cyclohexane and this mixture is passed 
into the top of vessel 2| which is a secondary ' 
extractor vessel. A secondary solvent from pipe 
22 enters the bottom of the secondary extractor ’ 
and rises therein in countercurrent relation to 
the down?owing heavy furi'ural containing 
phase. ‘ 
This secondary solvent may, in general, be any 

hydrocarbon or narrow boiling range hydro 
' carbon fraction provided its boiling range is suf 
?ciently far removed from that of the materials 

_ being separated to enable these materials and 
the secondary solvent to be separated easily by 
fractional distillation. In the particular case 
being described, the secondary solvent is pret 
erably apara?lnic hydrocarbon such as n-octane. 
In the secondary extraction tower 2| the nor 

mal octane extracts the cyclohexane from the 
i'urfural to form a second extract phase and this 
second extract phase then leaves vessel 2| through 
the overhead pipe 23 and is conducted to a dis 
tillation vessel 25 for further treatment. The 
furfural accumulates then in the bottom of the 
secondary extractor as a second ra?inate phase 

40 since it remains as a treated or extracted phase. 

48 
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It however contains a small quantity of the 
secondary solvent since many liquids are at 
least somewhat soluble in other liquids. This 
second ra?lnate phase then leaves the extractor 
2| through the pipe 24 and it is recycled then 
through pipe l3 as the main quantity of primary 
solvent into the primary extractor i2. 
The secondary solvent which dissolves in the . 

primary solvent in the secondary extractor 2| 
accounts for the presence of some secondary 
solvent in the primary extractor l2. Most of this 
secondary solvent entering the primary extractor 
leaves the primary extractor in the ra?lnate phase 
through the overhead pipe I 5. The ra?lnate then 
from pipe I‘, as mentioned‘hereinbefore, is frac 
tionated in a fractionator 3| and the secondary 
solvent which accumulates in the bottoms of this 
fractlonator separates then as a lighter liquid 
phase in the separator 34. This lighter phase is 
then removed and leaves through line 35 and is 
added to the main quantity of secondary solvent 
in line 22 for passage as the secondary solvent into 
the secondary extractor 2 I. v 
The secondary extract phase which leaves the 

top 01’ the extractor 2| through the overhead line 
'23 is rich in cyclohexane and secondary solvent 
and contains only a minor proportion of the fur 
fural. This extract phase then passes on through 
the pipe 23 into about mid point of the distillation 
tower 2!. In this tower the cyclohexane is re 
moved from the top as overhead product through 
pipe 23, a portion being withdrawn through line 
It to be added to the base of the primary ex 
tractor as the re?ux material previously men- 

and passes to a run storage tank 34 in which 75 tioned. The remainder of the cyclohexane passes 
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process. and for such disposal as desired. The 
bottoms in the fractionator 25 consists mainly of 
the secondary solvent, which in this case is nor 
mal octane,‘ and a small proportion of iuriural. 
These bottoms leave the fractionator through pipe 
21, are cooled in the cooler 38 and pass to the 
accumulator or separator vessel 28 in which the 

- on through the line 28 as a second product of the . ‘both extraction steps at ‘atmospheric tempera 
ures. \ 

Table I is exemplary of the operation of this 
embodiment of my process when using turfural 
and normal octane as the two solvents for the 
separation of cyclohexane from close boiling 
isomeric heptanes, the extraction steps being at 
a, temperature of 85° F. 

Table .I 
[quantities in mols] 

Stream No ________________ __ 1 2 3 4 5 e 7 s 0 

0. 31 14. 50 3.14 2.42 3. 73 0. 00 0. 31 3. 71 
1.13 0.00 242.04 157.50 243.02 1.25 1.17 241.81 

77.20 77.20 0.71 .80 144.50 220.52 70.73 1.23 
2,153.04 4.04 2,150.00 10.55 11.13 2,150.57 ...... _ 

Stream N5 ______________ _'___ 10 11 12 13 14 15 10 17 1s 

ISO-115050115; ______________ __ 1.20 - 0.02 0.02 0.00 13.71 0.88 0.02 0.00 0.00 
cyclohexane ______________ _- 84.15 1.21 1.20 0.01 0.85 0.05 0.05 0.00 0.00 
Meme __________________ __ an 143.27 142.33 0.44 0.15 77.14 77.11 0.03 0 5s 

6.": 13. 55 7. 20 12. 30 ______ -_ 4. 54 3.00 0. 74 _____ __ 

normal octane and the furfural separate as two 
liquid phases. ' The normal octane, being specif 
ically lighter than the furfural, accumulates as 
the upper layer and it is removed through the side 
draw pipe 29 and ?ows through pipe 22 as the 
main portion of secondary solvent to be passed 
into the bottom of the secondary extractor 2|. 
The small proportion of furfural which separates 
in the separator vessel 28 is withdrawn therefrom 
through the bottom draw pipe 30 and is added to 
the furfural passing from pipe 36 and this com 
bined furtural then ?ows through pipe 31 and 
joins the main stream of furfural in pipe 24 and 
the furfural from these several sources then ?ows 
on through pipe 24 and pipe l3 to complete the 
furfura-l cycle. Any make~up furfural needed 
may be added to the system through pipe I! and 
in like manner any make-up secondary solvent 
may be- added to the system through a pipe [1. 
The operation of the two fractionator towers 

25 and 3| may be according to conventional 
methods to effect reasonably eiiicient fractiona 
tion of the stocks into their components. 

I have‘ found that the selectivity of the furiural 
for the cyclohexane is such that with the use of 
the cyclohexane re?ux I can effect a very good 
separation between the para?lnic constituents and 
the naphthenic cyclohexane. 
By use of a secondary solvent I am able to ex 

tract substantially all of the cyclohexane from the 
furfural and the furfural then does not need to 
be distilled. It is well known in the art that fur 
fural polymerizes and becomes corrosive at high 
temperatures. The ratio of secondary solvent 
(normal octane) to the furfural passing through 
the secondary extractor is low, which operation. 
then means that the relatively small volume of 
secondary solvent is distilled for recovery of the 
cyclohexane in comparison to the large volume of 
furfural which would have to be distilled in case ' 
the cyclohexane were removed from the furfural 
by distillation. In this manner, the energy re 
quired for the separation and recovery of cyclo 
hexane is much less than if the furfural extract 
phase from the primary extractor were distilled. 
The solubility relations of the hydrocarbons 

being separated with the furfural and with a sec 
ondary solvent are such that I am able to operate 
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' contact. 

Figure 2 represents an embodiment of my in 
vention for separating three compounds of 
similar boiling points by a solvent extraction 
process. Vessels 52 and 65 are towers adapted 
for liquid-liquid contacting operations and may 
be of- conventional design. Vessel 55 may, as 
illustrated in the drawing, be one vessel or may 
if desired be two vessels sitting side by side. The 
operation of the vessel is similar in either case 
since the diaphragm or separator element 58 
divides the vessel into an upper half and a lower 
half. The downspout 60 is intended to conduct 
liquid materials from the upper half of this 
vessel to the lower section while a riser 59 is 
adapted to permit ?ow of materials from the 
bottom half to the upper half. The two halves of 
this vessel may be constructed in any manner 
desired to e?ect countercurrent liquid-liquid 

Tank ‘H is intended to serve as a 
storage or run tank for the primary solvent of 
the process. Tank 61 is a storage or run tank 
for the secondary solvent of the process. A pump 
12 in line ‘I3 is intended for transfer of a primary 
solvent material from the run storage tank ‘II 
to the primary extractor vessel 52. A portion of 
the material from line 13 passes through the inlet 
line 14 to the vessel 52 and a portion is by 
passed from this main extractor through a by 
pass line 15 which in turn is connected with the 
upper portion of the vessel '55. Pipe 54 is 
intended to convey liquid material from the 
bottom of extractor 52 to the lower portion of 
section 56 of vessel 55 while line 6| connects the 
upper portion of section 51 with the bottom of 
the primary extractor 52. A line-54 connects the 
bottom of section 51 with the top of the second 
ary extractor 55. A line 69 connects the bottom 
of the secondary extractor 65 with pipe 10 which 
in turn is connected with the primary solvent 
storage tank H. A pump 68’ in line 66 is in 
tended for transfer of liquid material from‘ tank 
51 to the bottom of the vessel. 65. Pipe 99 is 
intended for use‘ in adding make-up secondary 
solvent to the system. This make-up solvent 
?ows from pipe 99 through pipe 98 into the 
storage tank 61. A pipe 53 carrying a pump I25 
is adapted to conduct material from the top of 
the primary extractor 52 through a heat ex 
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7 
changer I21 to the mid-section of a fractionator 
vessel I23. Bottoms from this fractionator are 
withdrawn through a bottoms draw line I23 and 
pass through the exchanger I21, cooler I33, pipe 
I23 and pipe “3 into a_ settler tank 33. Over 
head material from this fractionator I23 leaves 
by way of an overhead line I 3I which in turn is 
connected with a condenser I32, condensate 
passing to an accumulator I33. Liquid from this 
accumulator‘ passes through pipe I33 and pump 
I35, the outlet of the pump I35 being connected 
by way of line I33 to the top tray of the frac 
tionator I23'and also to a product outlet line I3'I. 
A pipe 52 leads from the top of vessel 55 through 

' a pump III and exchanger II 2 to the mid-section 
of a fractionator vessel H3. A'pipe II3 leads 
from the bottom of this fractionator through the 
heat exchanger II2 and cooler II5 to the settler 
tank 33. A pipe II5 leads from the top of the 
fractionator “3 through a condenser II‘! to an 
accumulator vessel III. A pipe I I3 leads from 
the accumulator through a pump I23, the outlet 
of which is manifolded and connected by way of 
pipe I2I to the top of fractionator I I3 and an 
other outlet pipe I22. A pipe 3| connects the top 
of a secondary extractor 55 through a pump 32 
and an exchanger 33 to pipe 33 which in turn 
leads to the middle section of a fractionator 
vessel 35. A pipe 35 leads from the bottom of this 
fractionator through the exchanger 33 and a 
cooler 81 to the settler 33. A pipe 33 connects 
the top portion of this settler 33 to the secondary 
solvent run tank 51. A pipe ‘I5 connects the 
bottom of the settler 33 with pipe 13. A pipe 33 
connects the top ofthe fractionator 35 by way 
of a condenser 33 to an accumulator or re?ux rim 
tank 3|. The bottom of this tank is connected 

- by line 92 to a pump 33. The outlet of the pump 
53 is manifolded and line 52 is connected by way 
of pump 93 lines 33 and 55 to the top of the 
fractionator 35- above the top tray. Another 
connection from this manifold is line 35. A pipe 
33 is connected to the end of the line 33 and the 
bottom of section 51 of vessel 55. A pipe 31 con 
nects pipe 3I at the point shown with the pipe 33. 
I will describe the embodiment of my invention 

Y represented by Figure 2 for the separation of a 
stock containing the butanes, butenes and 1,3 
butadiene. Such a stock may arise in the manu 
facture of butadiene from normal butane by the 
2-‘stage catalytic dehydrogenation process as 
mentioned hereinbefore. A feed stock contain 
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ing butanes, butenes and butadiene is conducted ‘ 
through a feed pipe 5| from a source not shown 
into the mid portion of the primary extractor 
vessel 52. I will describe the use of ethanolamine 
for exemplary purposes as a- primary solvent. 
This ethanolamine from the solvent storage tank 
‘II may be pumped by pump ‘I2 through pipe 13 
and pipe ‘I3 into the top of this extractor vessel. 
The ethanolamine then flows downward through 
this vessel and is ?nally removed therefrom by 
the outlet pipe 53. The feed stock from pipe 5| 
at its. point of inlet contacts the ethanolamine 
and the unsaturated hydrocarbons of the feed 
stock are preferentially absorbed by the ethanol 
amine and this mixture leaves the extractor by‘ 
the outlet line 53 as. the extract phase. The 
butanes, which are fully saturated, are substan 
tially insoluble in the ethanolamine and they rise 
upward through the ethanolamine as droplets 
of liquid and accumulate above the surface of the 
ethanolamine as the raiiinate phase. The 
ra?inate then leaves the extractor 52 by way of 
the overhead pipe 53 under in?uence of the 

55 

70 

75 

. . ay 4 

pump I23 and through the heat ex 
. changerl? and enters the mid section of tho 
fractionator I23. This fractionator I23 is in 
tended to remove-the butanes from secondary 
and small amounts of primary solvent carried in 
solution in the - phase.- The butanes so 
separated leave the top of the fractionatm' 
through the overhead vapor pipe I3I and are 
condensed in condenser I32 and accumulate in 
vessel I33. The condensate from vessel I33 then 
passes through pipe I33 under in?uence of pump 
I35 and a portion is passed through the pipe I33 
and added to the fractionator I23 at a point 
above the top tray as re?ux for the tower. The 
remaining portion of this re?ux condensate may 
be removed by way of line I31 as a product or 
the process for such disposal as desired. The 
bottoms material from the fractionator I23 is 
withdrawn by way of line I23, is cooled-by ex 
changer I21 and further cooled by cooler I33, 
and is passed through pipe I I3 into settler tank 
33. ' 

A portion of the primary solvent ethanolamine 
is by-passed from inlet pipe ‘I3 through pipe 15 
and is added to the top of section 530i the vessel 
55. The extract phase from the primary ex 
tractor 52, as mentioned, leaves this vessel by way 
of pipe 53 and is added to the bottom of section 
55 of the vessel 55. Some of the material which 
accumulates under the diaphragm 53 in vessel 55 
is withdrawn through pipe '6I and is passed into 
the bottom of the primary extractor. This mate 
rial, as will be explained hereinafter, is intended 
to serve as a re?ux for the bottom portion of the 
primary extractor. 
' 'The ra?inate phase material passing through 
line 53 contains the normal butanes while the 
extract phase leaving through pipe 53 contains 
the butenes and butadiene. ' 
In the vessel 55 a separation is made between 

the butenes and the butadiene from this primary 
extract phase. The material leaving vessel 55 
through pipe 53 is composed largely of primary 
solvent, that is ethanolamine, and butadiene. 
Liquid butadiene is transferred through pipe 33 
from a subsequent step in this operation and is 
added to the bottom of section 51 of vessel 55 
‘to re?ux this portion of the vessel. This buta 
diene in re?uxing\this portion of the vessel helps 
to strip out any of the butenes carried down 
ward in the ethanolamine in vessel 55. Material 
accumulating just under the diaphragm 53 as a 
separate liquid phase consists largely of the bu 
tenes with only a minor portion of butadiene. 
It is some of this material which is passed through 
pipe 6| and added to the bottom of the primary 
extractor vessel 52 as re?uxing material. The 
remaining portion of the liquid phase accumu 
lating under diaphragm 58 passes upward through 
the riser 53 and then works its way upward 
through the upper section 55 of vessel 55. In 
passing through this section 56 the newly added 
ethanolamine from pipe 15 is intended to remove 
any remaining butadiene from the rising butenes 
so that nearly pure butenes can be withdrawn 
as a ra?inate phase from the top of vessel 55. 
Such a rai?nate phase is withdrawn from the top 
of this vessel through a pipe 52 and is transferred 
by the pump III through the heat exchanger II2 
and is heated therein and then passed on through 
the pipe 32 to be introduced into the fractionator 
vessel II3. In this vessel the butenes are frac 
tionated away from any solvent materials which 
are higher boiling than the- butenes. - Accord 
ingly, the butenes are removed from this frac 
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tionator as vapor through the overhead pipe ill. 
and are condensed in condenser III, the conden 
sate passing into the accumulator “8. From 
this accumulator the condensate is removed ' 
through pipe H9 by pump I 28 and a. part of the 
condensate is returned by way of the re?ux line 
l2l to the top tray of the tower as re?ux and the 
remainder passes through pipe I22 to storage 'or 
such other disposal as desired. The bottoms 
material from the fractionator H8 is removed 
through line H4, is cooled in exchanger “2 and 
is further cooled in cooler I I5 and is ?nally trans 
ferred on through pipe Ill into the settler 88. 
The bottoms material withdrawn from the bot 

tom section 51 of vessel 55 consists mainly of eth 
anolamine and butadiene and this mixture is 
passed through pipe 64 and introduced into the 
top portion of the secondary extractor 65. A 
secondary solvent, which for exemplary purposes 
may be pentane, is passed from the secondary sol 
vent run tank 61 through pipe 86 and introduced 
into the bottom of the secondary extractor 65. 
This pentane being speci?cally lighter than the 
ethanolamine-butadiene stock tends to rise up 
ward through the extractor while the ethanol 
amine containing material ?ows downward. 
Thus, a countercurrent extractive operation is 
e?ected in this vessel and the butadiene from 
the primary solvent is transferred to the pentane 
or secondary solvent. This latter material, that 
is butadiene and pentane, is herein termed the 
secondary extract phase and this material is 
withdrawn from the secondary extractor through 
pipe 8| and it is pumped by the pump 82 through 
the exchanger 83 in which the material is heated. 
This heated stock is then pumped on through 
pipe 84 and introduced into the iractionator 85 
at about a mid point. In this fractionator it is 
intended to separate by distillation the butadiene 
from the secondary solvent and from any primary 
solvent that may have passed into solution in 
the secondary solvent. , The butadiene then, as 
vapor, passes overhead from fractionator 85v 
through pipe 89, is condensed in condenser 88 
and condensate is passed into the accumulator 8|. 
From this accumulator condensate is pumpedv 
through pipe 92 by pump 98, a portion of the con 
densate being passed through the pipes 84, and .88 
and introduced into the top of the fractionator 85 
as re?ux. The remainder of the condensate from 
the pump 83 passes through pipe 95 as the third 

’ and main product of the process to storage or 
such disposal as desired. A portion of this buta 
diene concentrate passing through pipe 84 is by 
passed from the re?ux pipe 98 and conducted 
through the pipe 63 and added to the bottom of 
the lower section 51 of the vessel 55. This buta 
diene rich stock as mentioned hereinbeiore serves 
as re?uxing agent in this section 5'! of the vessel 
55. Bottoms material from the i'ractionator 85, 
which consists largely of the secondary solvent, 
is withdrawn through pipe 88, is cooled‘in ex 
changer 83 and further cooled in cooler 81 and 
is ?nally transferred to the settler 88. 
The liquid material in settler 88 originated from 

bottoms material from fractionators 85, H3 and 
I28, and since the bottoms from all three of these 
fractionators contain at least some primary sol 
vent and some secondary solvent, this settler 
serves as a solvent accumulator. Since the pri 
mary and secondary solvents are “only very 
slightly soluble in one another the large portion 
of the ethanolamine separates out as a lower 
liquid phase and the main portion or the pentane 
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or secondary solvent separates 8-5 the upper Phase 
The lower liquid phase or ethanolamine is with 
drawn from this settler 88 through pipe 18 and is 
transferred to the main stream of ethanolamine 
in transit from the bottom of extractor 85 through 
the lines 89 and '18. The secondary solvent from 
the top of the settler 88 is withdrawn through pipe 
98 and transferred therethrough to the secondary 
solvent storage tank 81. > 
Each of the three Iractionators may be oper 

ated under such temperature and pressure con 
ditions as to e?ect the desired separations. 

I have found that by operating in the manner 
according to the ?ow diagram of Figure 2 and 
with the intermediate extractor vessel 55 that all 
extraction‘steps may be carried out at atmos 
pheric temperatures. By operating under said 
temperature conditions at least in the extractors, 
considerable energy in the form of heat is saved 
since most conventional extraction operations for 
the separation of such materials is carried out 
either above atmospheric temperature or below 
atmospheric temperature or may be a combina 
tion of the two temperature conditions. 
A line 91 is shown in Figure 2 connecting line 

' 8| on the discharge side of the pump 82 and line 
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63. This line 81 is used to provide an amount 
or concentration of secondary solvent in the bot 
tom of section 51 of vessel 55 such that two liquid 
phases will be maintained even though the 
butadiene is soluble in all proportions in the pri 
mary solvent under the conditions of operation. 
The secondary solvent must be not soluble in all 
proportions in the ‘primary solvent in all cases 
to make this process operable. The use of the 
by-pass 91 is not essential to the process, but 
when desired to be used serves the above-men 
tioned purpose. ' 

Table II gives the compositions of the feed 
stock. of the ?nal ‘extraction products and the 
compositions at many intermediate points in the 
system. These compositions are given in terms 
of pound moles. 

Table II 

Stream No _____ _- 1 2 3 4 5 6 7 8 

3.5 _____ -_ 0.2 _____ _- 0. 2 ___- _____ __ 

_ _ 189.1 19.8 19.8 __________ __ ____ _____ __ 

Butadiene-_-__ _ 21. 6 596. 5 596. 7 0.9 1. l ____ 0.1 
Solvent No. 2____ ____ 0.8 0. 7 440. 7 81. 5 521. 5 0 l 81. 6 
Solvent No. 1-_._ ____ 8803. 2 10173.1 15. l 10163.3 5.3 11. 7 10175. 0 

Stream No _________ _- 9 10 11 12 13 14 15 16 

Bntnnas 0.5 0. 2 3. 2 69. 7 0. 2 
Bntanea 26. 7 19. 7 162.3 0. 2 _..-_ 
But8dlene..___--__ __ 0. 1 0.8 0. 1 0. 3 593.3 18. 2 0.4 __-.. 
Solvent N0. 2.. -_ 81.6 70. 6 11.0 11. 9 1. 5 0. 7 70.5 70. 3 
Solvent No. 1_-______ 10175.0 8800. 0|l375. 0 0. 5 _-___ 4. 6 1. 4 1. 4 

Stream No ___________________ __ l7 18 19 20 21 22 28 

Butanes" 
Enhance 
Butadiene ....... __ 

Solvent No. 2. 
Solvent No. l ____ __ 

Solvent N o. l=Ethanolamine. 
Solvent No. 2=pentane or hexane. - 

Table 111 gives the composition of the extrac 
tion products and at many intermediate points 
of the system when p-hydroxypropionitrile is 
used as a primary solvent and pentane or hexane 
is used as a secondary solvent. 
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Solvent No. l-lI-hydmxyproplonitrile. 

Table IV gives the compositions of the ex 
traction products and the compositions at many 
intermediate points when ethylene glycol is used 
as a primary solvent and pentane or hexane is 
used as a secondary solvent. - 

TabIleIV 

Solvent No. l-Ethylene glycol. . 

In the system as shown in Figure 2, the pri 
mary extractor vessel 52 may contain'from '20 
to 25 equilibrium steps. The secondary extractor 
vessel may contain from 18 to ~20 equilibrium 
steps and the intermediate vessel 55 may 6011-, 
tain from 18 to 22 steps, which are divided be 
tween the sections 55 and 51 as found desirable 
according to the separation to be made. 
Most auxiliary apparatus such as pumps, 

valves, regulators, controllers and the like are 
not shown nor discussed, for purposes 0! sim 
plicity. The function of such apparatus parts 
is well known to those skilled in the art. 
The apparatus for use in the process oi.’ my in 

vention need not be special as far as my inven 
tion is concerned, since no excessive temper-' 
atures, pressure or other conditions are used. 
The process 01' my invention may be applied to 

the separation of 2 or 3 component systems, as 
herein explained, or the principles thereof may 
be applied in systems wherein 4 or even more 
components of similar volatility properties are 
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tobeseparatedmerelybyusingmorethantwo 
solvents and accordingly a greater number of 
extraction vessels. tractionators, etc. 
In this speci?cation and in the appended 

claims, hydrocarbons of the several classes of 
hydrocarbons, viz., para?ins, cycloparaiiins, ole 
?ns, diole?ns, and aromatics, are considered as 
being separable from one another depending on 
their relative solubilities in the primary solvent. 
The relative separability of these hydrocarbons 
will vary depending upon the particular solvent 
selected for use. ' The solubility 01' a hydrocarbon 
in a solvent may usually be taken as an indication 
of the selectivity of the solvent for that hydro 

‘ carbon. 

The process oi’ my invention may be used for 
. separating other compounds than hydrocarbons, 
for example‘, oxygenated Fischer-'I'ropsch syn 
thesis products. Glycols may be separated from 
alcohols, alcohols from ethers. sulfur compounds 
from hydrocarbons, etc. It may also be used for 
separating oxygenated compounds from hydro 
carbons. 
There may be many variations or alterations 

in the practicing of my invention, as will be 
understood by those skilled in the art, without 
departing from the intended spirit and scope of 
the invention. I wish to be limited only by the 
following claims. 

I claim: 
1. A process for separating a mixture of lique 

?ed butanes, butenes and butadiene according 
to their degree of unsaturation comprising in 
troducing said ‘mixture, into a ?rst extraction 
zone at an intermediate point, introducing a 
quantity of a ?rst solvent having a preferential 
selectivity for unsaturated hydrocarbons into 
said zone at a point near one end, countercur 
rently contacting said mixture of hydrocabrons 
and said ?rst solventvunder conditions to form 
a ?rst ra?inate phase and a ?rst extract phase, 
removing the ?rst ra?inate phase from said one 
end 01' said ?rstv zone, recovering butanes from 
said ?rst ra?inate phase as a ?rst product of 
the process and removing said ?rst extract phase 
from the opposite end of said ?rst zone; intro 
ducing this extract phase into one end of a ?rst 
intermediate zone, introducing an intermediate 
product rich in butenes and as subsequently pro 
duced into said one end of said ?rst intermediate 
zone, introducing a second quantity of said ?rst 
solvent into said ?rst intermediate zone at the 
other end and countercurrently contacting said 
extract phase and said intermediate product rich 
in butenes with said second quantity of said ?rst 
solvent, removing a butene containing inter 
mediate ra?inate free from butadiene from said 
other end of said ?rst intermediate zone and re 

covering the butenes therefrom as a second 
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product of the process and removing an inter 
mediate extract phase from said one end of said 
?rst intermediate zone; introducing this inter 
mediate extract phase into one end of a second 
intermediate zone, removing some intermediate 
product rich in butenes from said one end of said 
second intermediate zone and introducing same 
into said opposite end of said ?rst extraction zone 
as‘ re?ux and removing the remainder of said 
intermediate product rich in butenes from said 
one end of said second intermediate zone and 
introducing same into- said one end of said ?rst 
intermediate zone as said intermediate product 
rich in butenes and as subsequently produced, 
introducing a portion of a butadiene product as 
subsequently produced into the other end of said 
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second intermediate zone and countercurrently 
contacting this butadiene product with said 
intermediate extract phase in said second inter 
mediate zone and removing therefrom an extract 
phase rich in butadiene; introducing this latter 
extract phase rich in butadiene into one end of a 
second extraction zone, introducing a secondary 
solvent in which butadiene is soluble into the 
other end of said second extraction zone and 
countercurrently contacting said extract phase 
rich in butadiene and said secondary solvent, re 
moving a ra?inate phase from said other end of 
said second extraction zone comprising ?rst 
solvent and recycling this ra?inate as primary 
solvent to the ?rst extraction zone and to the 
first intermediate zone, removing an extract 
phase rich in butadiene from said one end of 
said second extraction zone, recovering said 
butadiene from secondary solvent of last said 
extract phase, recycling said secondary solvent 
to said secondary extraction zone, introducing a 
portion of said recovered butadiene into said 
other end of said second intermediate zone as 
said butadiene product subsequently produced 
and removing the remaining portion of said re 
covered butadiene as a third product of the 
process. 

2. The process of claim 1 wherein said ?rst and 
second extraction zones and the intermediate 
contacting zones are operated at atmospheric 
temperature. 

3. The process of claim 1 wherein a portion of 
the extract phase rich in butadiene from said 
second extraction zone is introduced into said 
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other end of said second intermediate zone in 
lieu of a portion of said butadiene product sub 
sequently produced, and removing the entire re 
covered butadiene as said third product of the 
process. 

4. The process of claim 1 wherein the primary 
solvent is ethanolamine and the secondary sol 
vent is pentane. 

5. The process of claim 1 wherein the primary 
solvent is p-hydroxy-propionitrile and the sec 
ondary solvent is pentane. 

6. The process of claim 1 wherein the primary 
solvent is ethylene glycol and the secondary sol 
vent is pentane. 

7. The process of claim 1 wherein the primary 
solvent is furfural. 

KARL H. HACHMUTH. 
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