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This application is a division of my application Serial 
No. 684,359, ?led September 16, 1957, and now Patent 
No. 3,057,168. 
The invention relates to a process and devices for the 

recti?cation of liquid mixtures boiling at low tempera 
tures. Such liquid mixtures are formed when gas mix_ 
tures are compressed, cooled, and condensed in order to 
be decomposed into their components. The gas mixtures 
can be cooled to condensation temperature in various 
ways. The necessary procedural steps are not explained 
here but are assumed to be known. 

It has long been known how to separate low-boiling 
liquid mixtures, e.g., liquid air, by recti?cation. When 
liquid air is recti?ed in a column, pure oxygen, and nitro— 
gen containing about 7% oxygen can be produced, as 
can be inferred from the shape of the boiling and thaw 
ing point curves of the boiling point diagram of air. If 
air is to be decomposed into pure oxygen and pure nitro 
gen, the column head must be cooled to a temperature 
below the boiling temperature of liquid air, so that pure 
liquid nitrogen can condense there as re?ux. Or liquid 
nitrogen may be produced in a separate refrigeration 
cycle and be supplied to the head of the column. 

However, in the recti?cation of liquid air there is near 
ly always used a double column consisting of two super 
posed columns connected in series. In the lower column, 
air is predecomposed into liquid high in oxygen and pure 
nitrogen at about 5 atm., whereupon the liquid high in 
oxygen is decomposed in the upper column at slight ex~ 
cess pressure, namely about 1.2 atm., into pure oxygen 
and pure nitrogen; the pure nitrogen produced in the 
lower column serving as re?ux in the upper column. The 
pressure ratio of about 4.5 is precisely such that nitrogen 
in the head of the lower column condenses at the same 
temperature at which the liquid oxygen evaporates in the 
foot of the upper column. Strictly speaking, the con 
densation temperature is somewhat above the evaporation 
temperature because of the thermal resistance of the con 
denser-evaporator, but this difference will here be dis 
regarded. Between the two columns, that is, simultane~ 
ously in the head of the lower and in the foot of the upper 
column, there is a condenser-evaporator, on whose con~ 
denser side nitrogen condenses and on whose evaporator 
side oxygen evaporates. The heat of condensation of 
the nitrogen is thus transferred from the head of the 
lower column under higher pressure into the foot of the 
upper column under lower pressure for the evaporation 
of the oxygen ‘boiling there. 

It is also known how to rectify liquid air in three col 
umns. The ?rst column under 5.5 atm. and the last col 
umn under 1.5 atm. form together a double column with 
a condenser-evaporator between them. The liquid high 
in oxygen obtained in the ?rst column, however is not-— 
as in the double column described above-supplied di 
rectly to the last, but to the second column under 2.6 atm., 
in order there to be predecomposed into liquid of still 
higher oxygen concentration and pure nitrogen. The 
liquid nitrogen obtained in the heads of the ?rst and sec 
ond columns is charged jointly onto the head of the last 
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column as re?ux, where pure oxygen and pure nitrogen 
is produced. The liquid high in oxygen collecting in the 
foot of the second column is partly evaporated in an evap 
orator-condenser which is located within the ?rst column 
between head and foot, while the remainder of this liquid 
is expanded to the pressure of the last column, com 
pletely evaporated in the head of the second column, 
and then supplied to the third column between head and 
foot according to its composition. This known three 
column arrangement actually constitutes a double column 
which consists of two columns connected in series and 
with a third column connected in parallel. The evapo 
rator-condenser disposed between head and foot of the 
?rst column has an unfavorable effect on the recti?cation 
in that column since it noticeably disturbs the: equilibrium 
adjustment between liquid and vapor phase. 
Now there are low-boiling liquid mixture which can 

not be decomposed into sufficiently pure components by 
means of the methods described. These are mixtures 
where the boiling ‘and thawing point curves are very 
close together in equilibrium diagram, that is, for whose 
separation very high columns would be required. Ideal 
mixtures are always very di?icult to separate when the 
boiling points of the components are close together. But 
there are also di?icultly separable non-ideal mixtures with 
widely separated boiling points where the boiling and 
thawing point curves are close together. Complete sepa 
ration is particularly dif?cult when a component is to be 
obtained which is contained in the mixture in very low 
concentration. 
The closer the boiling points of the mixtures to be 

separated are to the absolute zero point, the more must 
the spatial extent of the column be reduced in order to 
keep the heat in?ux from the surrounding at a low value. 
The height of a column increases with the number of bot 
tom plates. In a very high column it is very dif?cult to 
maintain the temperature gradient required for the rec 
ti?cation precisely at very low temperatures since the 
heat from the surrounding ?ows in the more irregularly 
and the more intensely the farther the surface shape of 
the insulation deviates from the ideal spherical form. 
In particular, for di?icultly separable mixtures the amount 
of re?ux must be great. Heat must then be removed 
from the column head by means of a special heat pump 
cycle. The amount of refrigerant to be pumped in this 
cycle must be large. High losses of cold are inevitable. 
For the recti?cation according to the invention only 

relatively short columns with few bottoms are required. 
This recti?cation of a liquid mixture boiling at low tem 
perature in at least three columns, where the mixture of 
the ?rst column under the highest pressure is supplied 
according to its composition between head and foot and 
is predecomposed therein, whereupon decomposition 
products are conveyed to the next column under lower 
pressure and subsequently to an additional column under 
still lower pressure, is characterized in that n53 columns 
and with a>n>0 the heat which is released upon con 
densation of the gas ?owing into the head of the nth col 
umn is transferred into the foot of the (n+1)th column 
for evaporation of the sump liquid boiling there. In the 
above, “11” represents any column except the serially last 
column and "111+ 1” represents the serially next succeed 
ing column thereto. Thus a relatively large number of 
columns are connected in series, and the pressure differ 
ence between two successive columns is so selected that 
the decomposition product ?owing as gas into the head 
of the preceding nth column condenses at the same tem 
perature at which the liquid to be evaporated contained 
in the foot of the following (n+1)th column boils. The 
method of connecting in series several columns in the 
manner de?ned has the great advantage that the amounts 
of substance to be converted decrease from column to 
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column since from each column a portion of a pure de 
composition produet—either of the more readily or of 
the more difficulty boiling-can be conducted away. Thus 
it is not necessary-as in the case of a single column with 
very many bottoms-to convert the entire substance mix 
ture at once. Thus the column volumes can be reduced 
from column to column. And smaller columns cause 
smaller cold losses. 

It is a disadvantage that the liquid to be decomposed 
must be treated under a much higher pressure. How 
ever, this disadvantage is only apparent; for often the gas 
mixtures to be decomposed must be compressed to a higher 
pressure anyway in order to be able to supply the cold 
required for cooling. Also, considered purely in terms 
of energy, the work of compression is the less determining 
the closer the boiling points are to the absolute zero point. 
The number of columns is limited by the fact that in 

each preceding column an exactly de?ned higher pressure 
must prevail than in the following. In the limit case, 
however, the critical pressure may be selected as a maxi 
mum pressure. Also it must be noted that for ideal mix 
tures-that is, in most cases in quetsion for gas decom 
position-the concentration differences between the liquid 
and vapor phase at constant temperature decrease with 
increasing pressure. Generally, therefore, a greater re?ux 
is required at higher pressure than at lower pressure. 
The last stage or stages may, of course, be carried out under 
reduced pressure, that is, under vacuum, so as to be able 
to utilize fully the advantages of the recti?cation accord 
ing to the invention. 

Since in all instances heat is transferred only from the 
nth to‘ the (n+l)th column, where n denotes a number 
between whole number from a-l to 1, both inclusive, the 
foot of the ?rst column must be heated and the head of 
the last (nth) column must be cooled. This may be 
achieved in known manner with the heat pump cycle. 
Or the gas mixture cooled to condensation temperature 
may in known manner he lique?ed in the foot of the ?rst 
column, whereby heat is supplied there. Enough re?ux 
liquid is available for cooling the head of the last column 
when su?icient amounts of lique?ed head product can be 
tapped from a sufficient number of columns. If the num 
ber of columns is large enough, a heat pump cycle may 
be dispensed with. This advantage is extremely impor 
tant, because every heat pump cycle causes considerable 
losses of cold. 
As has been explained in the example of the double 

column, similarly also in the recti?cation according to 
the invention the gas ?owing into the head of the nth 
column can be condensed there, whereupon a portion of 
the resulting condensate is returned into this column as 
re?ux. Now if the columns are so operated that the 
lower boiling component A collects as pure primary 
product in the head of the nth column, the other portion 
of the condensate is expanded to the pressure of the nth 
(last) column and charged on the head thereof as re?ux. 
It serves there at the same time for cooling. On the other 
hand, if the columns are so operated that the higher boil 
ing component B collects as pure primary product in the 
foot of the nth column, the other portion of the con 
densate is expanded to the pressure of the (n+1)th 
column and is supplied to it between head and foot ac 
cording to its composition, in order to be further decom 
posed there. ' 
To be able to heat the foot of the ?rst column and to cool 

the head of the last column, the procedure is, similarly as 
is already known for the double column, to condense a 
refrigerant in the foot of the ?rst column, then expanding 
it and evaporating it in the head of the last column, 
whereupon in counter-current with itself it is warmed, 
compressed, subsequently cooled, and returned to the foot 
of the ?rst column. The refrigerant may ?ow in a closed 
cycle; it must be selected suitably as to its thermal proper 
ties. As an alternative, the (lower boiling) decomposi 
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tion product collecting in the head of the last column may 
be used as refrigerant. Finally it may be advantageous 
to use as refrigerant the (higher boiling) decomposition 
product collecting in the foot of the ?rst column. The 
choice of refrigerant depends not only on its thermal 
properties, but also for example on whether it can be 
compressed without trouble in dry-running compressors, 
for it should not be contaminated by lubricants or 
moisture. 

In a further development of the inventive idea the gas 
?owing into the head of the nth column is tapped, con 
densed at least in part in the foot of the (n+1)th column, 
subsequently expanded to the pressure of the (n*+1)th 
column and charged on the head thereof as re?ux, while 
a portion of the gas ?owing into the head of the last 
column is tapped, warmed in counter-current with itself, 
compressed, cooled again, ?nally condensed in the foot of 
the ?rst column, then expanded and charged onto the 
head of this column. This procedure is advantageous 
when the individual columns are arranged not in super 
position but side by side and a liquid pump is to be avoided 
and when the lower boiling component A is obtained as 
pure primary product. For then no re?ux can be ob 
tained for this column in the head of the nth column. 
The gas ?owing into the head of the nth column can be 
condensed only in the foot of the (n+1)th column and be 
used in this column as re?ux. For the ?rst column 
re?ux is obtained from gas which ?ows into the head of 
the last column and which has been condensed after 
compression in the foot of the ?rst column. 

If the higher boiling component B is the pure primary 
product, the liquid collecting in the foot of the nth column 
is tapped, expanded to the pressure of the (n+1)th col 
umn, evaporated in the head of the nth column, and sub~ 
sequently supplied to the foot of the (n+l)th column, 
while a portion of the liquid evaporated in the head of the 
last column is warmed in counter-current with itself, 
compressed, again cooled, and ?nally supplied to the 
foot of the ?rst column. The gaseous primary product 
still containing B, that is, one consisting mainly of A, which 
?ows into the head of the nth column, is expanded to the 
pressure of the (n+1)th column and supplied to it at a 
point corresponding to its composition, in order to be 
decomposed further. Heat is supplied to the foot of the 
?rst column by the compressed portion of the higher 
boiling decomposition product B returned from the last 
column. 
The recti?cation according to the invention is suitable 

in particular for liquid mixtures boiling close to the ab 
solute zero point which contain a component to be re 
covered in very low concentration. Especially advan 
tageous is the separation of mixture of hydrogen, deute 
rium hydride, and deuterim, in particular the two ?rst 
named. The new recti?cation process is, of course, suit 
able also for the decomposition of other, possibly multi 
component liquid mixtures. An example is the mixture 
ethane-ethylene-acetylene, to mention only one. 
A device for the recti?cation, Where the gas ?owing into 

the head of the nth column is also condensed there, where 
upon a portion of the resulting condensate is returned into 
these columns as re?ux, is characterized in that at least 
three columns are arranged in superposition, and between 
the nth and the (n+1)th column a condenser-evaporator 
is located which belongs at the same time to the head of 
the nth and the foot of the (n'—[—1)th column. If a closed 
refrigerant cycle is used with this arrangement, there must 
be in the foot of the ?rst column a refrigerant condenser 
and in the head of the ?rst column a refrigerant evapo 
rator. On the other hand, if the lower-boiling decomposi 
tion product A collecting in the head of the last column is 
used as a refrigerant, then a refrigerant condenser is re 
quired only in the foot of the ?rst column. Accordingly, 
when the higher~boiling decomposition product is used as 
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refrigerant, a refrigerant evaporator must be present only 
in the head of the last column. 
A device for the recti?cation according to which the 

lower-boiling gas A ?owing into the head of the nth col 
umn is tapped as pure primary product and condensed 
in the foot of the (n+1)th column consists in its char 
acteristic parts of at least three columns disposed side by 
side, a line for gaseous decomposition product leading 
from the head of the nth column to a condenser in the 
foot of the ‘(n+1)th column, while from the lead of the 
last column a line leads to a compressor and thence to a 
condenser in the foot of the ?rst column. 

Accordingly, for the procedure according to which 
higher boiling liquid B collecting in the foot of the nth 
column is tapped as pure primary product, evaporated in 
the head of this column and is subsequently conveyed to 
the foot of the (n+1)th column, a, at least three col 
umns disposed side by side are required, a line for liquid 
decomposition product leading from the foot of the nth 
column to an evaporator in the head of this column and 
thence to the foot of the (n+1)th column, while from 
the evaporator in the head of the last column a line leads 
to a compressor and thence to the foot of the ?rst column. 
The recti?cation according to the invention will be 

explained with reference to the diagrammatic ?gures of 
the accompanying drawings. In each instance only three 
columns of equal size are represented (a equals 3), in 
order that the ?gures will be clear. It is obvious that 
the contents of these columns must be selected in accord 
ance with the operating pressures and the properties of 
the particular mixtures to be separated. In all ?gures 
similar parts are marked with the same symbols. In 
FIGURES 1 to 4 superposed columns are represented 
while FIGURES 5 and 6 show columns standing side by 
side. Only mixture AB of two components A and B will 
be discussed. Naturally also a multi-component mix 
ture can be separated by the process according to the 
invention. As products there can then be obtained for 
examples mixtures of two components. Also, from one 
of the columns a mixture may be branched o?” in known 
manner and be decomposed into its components in addi 
tional columns, not shown. 
The columns according to FIGURES l, 2 and 5, are 

so operated that the lower boiling component A flows as 
pure primary product into the heads of the columns, 
while the higher boiling component B collects as impure 
primary product, that is, still containing A, in the feet 
of the columns. In FIGURES 1 and 5, component A 
serves as refrigerant for the heat pump cycle, in FIGURE 
2, component B. The columns according to FIGURES 
3, 4 and 6 are so operated that B collects as pure primary 
product in the column feet, while A contaminated with 
B ?ows as impure primary product into the column heads. 
In FIG. 3, component A serves as refrigerant for the heat 
pump cycle, in FIGURES 4 and 6, component B. 

In the procedures according to FIGURES 1 to 4, the 
heat pump cycle may be omitted if the number of col 
ums is made large enough. In the processes according 
to FIGURES 5 and 6, however, a heat pump cycle is 
required. 
Columns 1 to 6 may be equipped for example with 

sieve or hell bottoms or also with ?lling material. In 
columns 1 and 4, respectively, the highest pressure pre 
vails; in columns 2 and 5, a medium pressure; and in 
columns 3 and 6, the lowest. The pressure differences 
existing between two columns are so adjusted, that is, 
the columns are so operated that the heat~transmitting 
primary product reaching the head of the preceding col 
umn, e.g. 1 or 4, condenses there at almost the same tem 
perature as the primary product collecting in the foot of 
the following column, e.g. 2 or 5. The heat of con 
densation of the respective head primary product is trans 
mitted to the foot primary products in FIGURES 1 to 4 
by means of the condenser~evaporator 11 and 12, and in 
FIGURES 5 and 6 by means of the condensers 13, 14 
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6 
and 15, and the evaporators 16, 17 and 18. The counter; 
current heat exchanger 7, and the compressor 8 form 
parts of a heat pump cycle, in which a pure decomposition 
product, either A or B, serves as refrigerant. A heat 
pump cycle with an extraneous refrigerant, i.e. one not 
contained in the mixture, is not represented. In the 
counter-current heat exchanger 7, the refrigerant is heated 
in counter current with itself, compressed in compressor 
8, cooled again in 7, in order to be subsequently lique?ed. 
At AB the gas mixture cooled to close to the condensa 
tion temperature enters column 1, or 4, in which highest 
pressure prevails, while the pure decomposition products 
leave the last column 3, or 6, in which lowest pressure 
prevails, at A and B. The gas mixture AB is supplied 
at so high a compression that it condenses in the con 
denser 19, in heat exchange with sump liquid contained 
in the foot of column 1, or 4, this sum liquid being evapo 
rated at the same time. The lique?ed mixture AB is 
then expanded in valve 21 to the pressure of column 1, 
or 4, and conveyed to it at a point between head and foot 
corresponding to its composition. In FIGURE 1a a modi 
?cation is represented which can be employed in all 
arrangements shown in FIGURES 1 to 6. The gas 
mixture AB is there conveyed to column 1 directly, that is, 
unlique?ed. 
Let it be assumed that mixture AB consists predomi 

nantly of the lower boiling component A. It is then ad 
visable to proceed according to FIGURES 1 and 2. The 
mixture AB is conveyed to column 1 at a point between 
head and foot corresponding to its composition in liquid 
form (FIGURES l and 2) after expansion in valve 21 
or in gaseous form (FIGURE la), whereupon it is de 
composed into pure gas A and impure liquid B. The pure' 
A is lique?ed in the condenser-evaporator 11 and returns 
in part to column 1 as re?ux. The remaining liquid A 
is tapped from column 1, expanded in valve 22 to the 
pressure of the (last) column 3, combined with a portion 
of the pure A lique?ed in condenser-evaporator 12, and 
expanded in valve 23, and charged on the head of column 
3 as re?ux. The pure decomposition product A flows off 
through the line marked A. The liquid collecting in the 
foot of column 1, still containing A but already enriched 
in B, is expanded in valve 24 to the pressure of column 
2, and conveyed to it at a point corresponding to its com~ 
position, in order to be there decomposed further into 
pure gaseous A and liquid still more enriched in B. A 
portion of the A condensed in condenser-evaporator 12 
flows back as re?ux into column 2, while the other por 
tion, as has been described, enters the head of column 3. 
The liquid collecting in the foot of column 2 and strongly 
enriched in B is evaporated by means of the gaseous A 
condensing in the head of column 1 in the condenser 
evaporator 11. From the foot of column 2 liquid is con 
tinuously expanded over valve 25 to the pressure of col 
umn 3, and conveyed to it at a suitable point, in order 
there to be decomposed into pure A and B. The pure 
product B leaves column 3, through the line marked B. 
The amounts of material to be converted in the .individual 
columns decrease from column to column. 

In order now to be able to evaporate the liquid in the 
foot of column 1, a heat pump cycle may be required. 
According to FIGURE 1 pure A serves as refrigerant, 
which is tapped at 60 through valve 26, compressed in 
compressor 8, lique?ed in condenser 20, and charged in 
valve 27 on the head of column 3, together with pure A 
from columns 1 and 2 as re?ux. According to FIGURE 
2, pure B serves as refrigerant, which is tapped through 
"alve 28 in liquid form from the foot of column 3. At 
61 a portion is branched off as product B through valve 
26, and the other portion is compressed in compressor 8. 
The refrigerant B is then lique?ed in condenser 20‘, the 
liquid in the foot of column 1 being evaporated at the 
same time. After expansion in valve 27 it passes into 
evaporator 10, on whose exterior pure A condenses as 
re?ux for column 3, and thence returns to 61. 
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If the gas mixture to be decomposed consists predomi 
nantly of the higher boiling component B, it is advisable 
to proceed according to FIGURES 3 and 4. The mixture 
AB is conveyed to column 1 at a suitable point after ex 
pansion in valve 21 in liquid form (FIGURES 3 and 4), 
whereupon it is decomposed into impure gas A, which 
still contains B, and pure liquid B. The impure A is 
lique?ed in the condenser-evaporator 11 and in part passes 
back into column 1, as re?ux. The residual liquid im 
pure A is expanded in valve 29 to the pressure of col 
umn 2 and conveyed to it at a suitable point. It is de 
composed in column 2, into still impure, but more con 
centrated A, and pure liquid B. The impure A condenses 
in condenser-evaporator 12; a portion is used as re?ux 
in column 2, the remainder is sent through valve 30 into 
column 3, in order there to be decomposed into the pure 
end products A and B. The pure liquid B, which collects 
in the foot of column 1, is expanded in valve 31 to such 
a low pressure below that prevailing in column 3, that it 
evaporates in evaporator 10, at a temperature at which 
pure A in column 3 can condense on the exterior of 
evaporator 10. The resulting liquid A serves as re?ux 
in column 3, with the pure liquid B coming from the foot 
of column 1 through valve 31 where are combined the 
liquid streams consisting of pure B and expanded from 
columns 2 and 3 in valves 32 and 33, and evaporated in 
evaporator 10. Since pure liquid B is tapped from each 
of the three columns, the amounts of substance to be con 
verted decrease from column to column. The head of 
each column can be cooled to a temperature below the 
temperature of the foot. 

According to FIGURE 3, pure A serves as refrigerant 
in a heat pump cycle consisting of counter?ow device 7, 
compressor 8, condenser 20, and valve 34. The refrig 
erant A is branched otf at 62 through valve 26 from the 
decomposition product A. The liquid B present in the 
foot of column 1, is evaporated by means of the heat of 
condensation released in condenser 20. The liquid re 
frigerant expanded in valve 34 is charged directly on the 
head of the (last) column 3 as re?ux. 

In FIG. 4, pure B serves as refrigerant in the heat 
pump cycle. This refrigerant is branched off at 63 through 
valve 26, and after warming up, compression, and again 
cooling in 51 and 52 it is conveyed to the foot of column 
1, in gaseous form. It there lique?es giving off heat in 
exchange with the liquid running down in column 1 (re 
?ux) and passes through valve 31 into evaporator 10. 
On the exterior of evaporator 10 re?ux liquid for column 
3, condenses. 
While with reference to FIGURES l to 4, columns 

have been explained which are arranged in superposition, 
FIGURES 5 and 6 relate to devices each having three 
columns 4, 5 and 6 standing side by side. The procedure 
according to FIGURE 5, will advantageously be selected 
when a gas mixture AB is to be decomposed which con 
tains predominantly lower-boiling A and only little higher 
boiling B. The process according to FIGURE 6 is suit 
able more for mixtures which are composed predominant 
ly of B and only little A. In both cases the gas mixture 
AB to be decomposed is lique?ed at close to condensa 
tion temperature in the heat exchanger 19 in the foot of 
column 4, and the heat of condensation is transmitted to 
the sump liquid boiling there. The lique?ed mixture is 
then expanded in valve 21 to the pressure of column 4, 
and conveyed to it at a suitable point. 
According to FIGURE 5, a portion of the head product 

consisting of pure A is passed from column 4 into con 
denser 14 in the foot of column 5, lique?ed there, the 
sump liquid in column 5 being heated at the same time, 
then expanded in valve 35 to the pressure prevailing in 
column 5, and ?nally charged on the head of this column 
as re?ux. The other portion of the head product of col 
umn 5 is expanded in valve 47 to the pressure of column 
6 and combined with the head product of column 6 to 
gether with a portion of the head product of column 5, 
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which has been expanded in valve 48. The combined 
?ow leaves the columns as pure product A through the 
line marked A. The portion of the head product from 
column 5, not tapped through valve 4-3 ?ows into the 
condenser 15, in the foot of column 6 and is there lique 
?ed, expanded in valve 36 to the pressure of this column, 
and ?nally charged on its head as re?ux. A portion of 
this decomposition product A is branched off at 64, and 
aspirated by compressor 8 through valve 37 and counter 
flow 7, compressed, and lique?ed in condenser 13, where 
by the sump liquid in the foot of column 4, is evaporated. 
The resulting liquid A, is then charged as re?ux through 
valve 38 onto the head of column 4. The primary prod 
uct collecting in the foot of column 4, enriched in B, is 
expanded in gaseous form in valve 39 to the pressure of 
column 5 and further decomposed into pure gaseous A 
and liquid more enriched in B which collects in the foot 
of column 5. The latter primary product is sent in gaseous 
form through valve 4%} into column 6, in order there to be 
decomposed into the pure decomposition products A 
and B. 

According to FIGURE 6, the pure decomposition prod 
uct B collecting in liquid form in the foot of column 4 is 
expanded in valve 41 to the pressure of column 5 and 
evaporated in the evaporator 16 in the head of column 
4, a re?ux of impure A for column 4 being formed. A 
portion of the evaporated B is expanded in valve 49 to 
the end pressure with which the pure product B leaves the 
last column and is combined with the portion of B ex 
panded in valve 50 from evaporator 17 in the head of 
column 5 with the B ?owing from evaporator 18 in col 
umn 6 as end product B. The other portion of the B 
evaporated in evaporator 16 is conveyed in gaseous form 
to the foot ‘of column 5. This gaseous B rising in column 
5 is condensed with liberation of heat and passes back 
in lique?ed form into the foot of column 5, whence it 
flows through valve 42 into evaporator 17, in order to 
evaporate there. At the same time re?ux for column 5 is 
formed. The gaseous B ?owing from evaporator 17, 
then enters in part in the foot of column 6, where it is 
lique?ed as it rises, in order subsequently to be recover 
able as gaseous decomposition product B after expansion 
in valve 43 and evaporation in evaporator 18, in the 
head of column 6. A portion of this decomposition 
product B is branched oil at 65 and aspirated by com 
presser 8 through valve 44 and counter?ow 7, compressed, 
and sent in gaseous form into the foot of column 4, where 
by heat is supplied to the lower part of this column 4. 
The gases rising into the head of column 4, containing 
mainly A, are tapped in gaseous form if they are not con 
densed in heat exchange with liquid B which evaporates 
in evaporator 16, expanded in valve 45, to the pressure 
of column 5, and conveyed to this column 5, at a suitable 
point between head and foot. In column 5, there is 
formed a head product consisting mainly of A, which 
contains still less B than the head product of column 4. 
The head product from column 5 is partly lique?ed on 
evaporator 17, as re?ux for this column. The gaseous 
remainder passes through expansion valve 46 at a suit 
able point in column 6, in order thereto be decomposed 
into pure A and B. The re?ux for column 6 is formed 
on evaporator 18, in heat exchange with B evaporating 
there. 
The process according to the invention will be explained 

for the procedure according to FIGURE 1 by an example. 
Hydrogen contains 0.03% by volume of deuterium hy 
dride. 90% of this deuterium hydride is to be separated 
and a mixture containing 5% HD is to be obtained, from 
which deuterium hydride of desired purity can then be 
produced in a further recti?cation column known in it 
self. 

Since hydrogen boils at 20.15 ° K. and deuterium hy 
dride (HD) at 22.15° K. under a pressure of 1 atm. abs., 
the boiling and thawing point curves are very close to 
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gether in the boiling point diagram. Since moreover, 
the initial concentration of the HD is very low, large 
amounts of re?ux are required. If HD were to be sepa 
rated in a single column, the amount to be supplied in 
a heat pump cycle would have to be 2.5 to 2.7 times as 
large as the amount of hydrogen to be processed. When 
rectifying in 3 columns as per FIGURE 1, a total cycling 
amount approximately the same as the amount of hydro 
gen to be decomposed will be su?icient. As operating 
pressures in the columns 1, 2, 3 there are applied 3, 2, 1 
atms. abs. . 

5000 cu. m. per hour (0° C., 760 mm. Hg), that is, 
5000 cu. m./h. hydrogen are supplied at AB with about 
30° K. under 5 atm. abs. to the condenser 19, lique?ed 
therein at 27.5 ° K., and subsequently expanded in valve 
30° K. under 5 atms. abs. to the condenser 19, lique?ed 
2.1 to the pressure of 3 atms. abs. prevailing in column 1. 
There a mean temperature of approximately 25° K. pre 
vails. The liquid boiling in the foot of column 1 be 
comes enriched to 0.0415 % HD, while the gas condens 
ing as re?ux in condenser-evaporator 11 contains only 
0.003% HD. 3500 cu. m./h. hydrogen containing 
0.0415 % HD are tapped in a liquid form from the foot 
of column 1, expanded in valve 24 to the pressure of 2 
atms. abs. prevailing in column 2, and there decomposed 
further. 1500 cu. m./h. hydrogen containing 0.003% 
HD are discharged in liquid form at the head of column 
1 and expanded in valve 22 to the pressure of 1 atm. abs. 
prevailing in column 3. In column 2, in which prevail 
2 atms. abs. and a mean temperature of about 23° K., 
the already enriched 3500 cu. vm./h. are further decom 
posed into 1800 cu. m./h. liquid foot product containing 
0.078% HD and 1700 cu. m./h. liquid head product. 
The latter is expanded in valve 23 to 1 atm. abs. and 
combined with the head product of column 1, while the 
former is expended in valve 25 to 1 atm. abs. in order 
to be further decomposed in column 3. 

In the foot of column 3, in which there prevail 1 
atm. abs. and in the mean temperature of about 21° K. 
the desired product containing 5% HD collects, which 
is obtained in gaseous form at B; it consists of v217 cu. 
\rn./h. of :a mixture containing ‘135 cu. n1./h. HD. 
From this mixture containing 5% HD there are then 
obtained in a recti?cation column not shown 1.42 cu. 
m./h. of a mixture containing 915% HD, which are to 
be regarded as crude product. The remainder of the 
1800 cu. m./h. tapped from the foot of column 2 and 
expanded in valve 25 to 1 atm. abs, namely 1800-27, 
that is approximately 1770 cu. |m./h., ?ows as hy 
drogen containing 0.003% HD into the head of column 
3 and there combines with the head products from 
columns 1 and 2 expanded in valves 22 and 23. These 
4970 cu. :m./h. hydrogen with 0.003% HD content, 
increased ‘by the amount of hydrogen expanded in 
valve 27 and originating from the heat pump cycle, flow 
out at A with about 21° K. At 60, 5000 cu. m./h. are 
branched off from this stream, aspirated by compressor 
8 through valve 26 and counter-current heat exchange 7, 
compressed to 5 atms. abs. and lique?ed in condenser 20, 
the liquid present in the foot of column 1 being heated 
at the same time. After expansion to 1 atm. abs. in 
valve 27, this liquid is available as re?ux for column 3 
together with the head products from columns 1 and 2, 
or a total of 8200 cu. m./h. 

The heat ?ow resistance in the evaporator-condensers 
11 and 12 causes a temperature difference of less than 
0.1° K. between the liquid condensing in the head of 
column 1, respectively 2, and the liquid evaporating in 
the foot of column 2, respectively 3. Since—-as has been 
mentioned—the amount of hydrogen to be conducted in 
the heat pump cycle is much lower in the three-column 
arrangement than with the use of a single column, more 
than 30% of energy can be economized. 
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I claim: 
1. Process for the recti?cation into two fractions of a 

low boiling liquid, normally gaseous, mixture in at least 
three separate columns in series, the components of the 
mixture having boiling points very close to each other, 
which comprises: supplying the mixture to a. ?rst column 
in which the highest pressure is maintained, at a point 
between the head and the bottom thereof depending on 
the composition of said mixture; separating the mixture 
therein into a ?rst substantially pure overhead product 
and an impure bottoms product; delivering the impure 
bottoms product in the vaporized state to the serially sec 
ond column, which is under a lower pressure that said 
?rst column, at a point between the head and the bot 
tom thereof; separating said impure bottoms product 
therein into said ?rst substantially pure overhead prod~ 
uct substantially identical with the overhead product of 
the ?rst column and a further impure bottoms product; 
delivering said further impure bottoms product in the 
vaporized state to the serially next column, under still 
lower pressure, at a point between the head and the bot 
tom thereof and separating it therein; withdrawing a frac 
tion of the said ?rst substantially pure overhead product 
from the top of each column; bringing part of each of 
the withdrawn fractions, in order to be at least partially 
lique?ed, into indirect heat exchange with impure bot 
toms product collected in the bottoms of each of the 
three columns in the series; overhead product of the ?rst 
column to the bottom of the second column, overhead 
product of the second column to the bottom of the third 
column, and overhead product of the third column to 
the bottom of the ?rst column; collecting the remainders 
of these fractions as said ?rst substantially pure product 
fractions; delivering said parts of each of the withdrawn 
fractions after said heat~exchange as re?ux liquid to the 
top of that column in the bottom of which it had been 
lique?ed, and withdrawing a second product fraction from 
the last column. 

2. Process for the recti?cation into two fractions of 
a low boiling liquid, normally gaseous, mixture in at least 
three separate columns in series, the components of the 
mixture having boiling points very close to each other, 
which comprises: supplying the mixture to a ?rst col 
umn, in which the highest pressure is maintained, at a 
point between the head and the bottom thereof depend 
ing on the composition of said mixture; separating the 
mixture therein into a ?rst substantially pure overhead 
product and an impure bottoms product; delivering the 
impure bottoms product in the vaporized state to the 
serially second column, which is under a lower pressure 
than said ?rst column, at a point between the head and 
the bottom thereof; separating said impure bottoms prod 
uct therein into said ?rst substantially pure overhead 
product substantially identical with the overhead product 
of the ?rst column and a further impure bottoms prod 
uct; delivering said further impure bottoms product in 
the vaporized state to the serially next column, under 
still lower pressure, at a point between the head and 
the bottom thereof and separating it therein; withdraw 
ing a fraction of said ?rst substantially pure overhead 
product from the top of each column; bringing part of 
each of the withdrawn fractions, in order to be at least 
partially lique?ed, into indirect heat~exchange with boil 
ing sump liquid in the bottoms of each of the three col 
umns in series to form re?ux liquid; warming at least 
part of said substantially pure fraction from the last col 
umn in counter-current with itself; compressing it, cool 
ing it again, and condensing it in the bottom of the ?rst 
column to form re?ux liquid; feeding each of said re?ux 
liquids into the head of that column in which it is formed; 
and collecting the remaining part of the substantially 
pure fraction from each column and withdrawing it. 
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3. Apparatus for the recti?cation of liquid mixtures 
boiling at low temperatures comprising at least three rec 
tifying columns disposed side by side, a connecting line 
between each column except the last column and the 
serially next column to lead impure recti?cation product 
to the serially next column, a line for a gaseous decom 
position product leading from the lead of each column 
except the last column to a condenser in the foot of the 
serially next column to form re?ux liquid, a line from 
the head of the last column to a compressor and thence 
to a condenser in the foot of the ?rst column to form 
re?ux liquid, a line for leading said re?ux liquid into 
the top of that column in which it is formed, and a line 
for removing gaseous substantially pure product from the 
top of each column. 
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