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3 Claims. 
This invention relates to a method or and 

apparatus for distilling—with or without the‘ 
simultaneous performance of chemical reac 
tions-substances that are liquid at distillation 
temperatures. ,, - 

If substances that are either liquid, or behave 
as liquids, as distillation temperature are to be 
distilled, provision shouldpreferably be made to 
ensure intimate intermixture of the material 
under treatment. Such procedure accelerates the 
distillation and enables a uniform temperature 
to be maintained, as far as is possible, in all por 
tions of the contents of the still, thereby min 
imizing the possibility of local overheating that 
-may give rise to undesirable decomposition, espe-. 
cially at the high temperatures necessarily em_— 
ployed in the distillation, for example, of mineral 
oils or in the expulsion of fatty acids from oils, 
fats or the like. The mixing is effected, for ex 
ample, by passing steam, or gases such as hydro 
gen, carbon dioxide and the like, through the 
contents of the still. These vapours and gases 
have already been employed to keep the contents 
of the still in continual motion, for example by 
lifting and ?nely distributing the material under 
treatment, in the vapour space of the still, by 
means of steam, on so called gas-lift principle. 
At the same time, the admission of gases or 
vapours lowers the partial pressure of the distil 
lation vapours, and thereby lowers the distilla 
tion temperature. Consequently, owing to the 
lower working temperature, greater protection is 
accorded to the material to be distilledy-espe 
cially during vacuum distillation and better dis 
tillation products are obtained. a 
On the other hand, the admission of»w steam, 

hydrogen or the like prevents the distillation 
from being performed under a h’gh vacuum. It 
is true that, for example in the distillation of 
mineral oils or fatty acids, the distillation va 
pours ‘could be collected separately and con 
densed, without further precautions at temper 
atures at which their vapour pressure is as low 
as 1 mm. of mercury, or even lessUOn the other 
hand, however, the condensation of ‘the steam is 
dependent on the temperature of the available 
cooling water, so that, even when the condi 
tions in respect of cooling water are favourable, 
and e?icient condensers are employed, the abso- , 
lute pressure in the distillation plant cannot be 
less than 40-30 mm. of mercury gauge. If, dur 
ing the distillation process, very large quantities 
of steam be admitted in order to obtaina very 
low partial pressure of the distillation vapours, 
the. drawback isencountered that, in consequence 
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of the presence of the steam, the distillate con 
denses with di?iculty, or condensed steam is in 
cluded, as water, in the distillate. Although, by 
the extensive admission of steam, it is possible 
to reduce the partial pressure of the distillate ' 5 
vapour to a minimum, it is preferable, for this 
and economic reasons, to operate with a some~ 
what higher pressure and smaller amount of 
steam. It is true that the vacuumin the dis 
tillation plant can be increased by compressing, 10 
before passing it to the steam condenser the 
steam that remains after the condensation of 
the distillate vapours. However, the initial and 
operating expenses of the compression plant very 
quickly imposes on the increase of the vacuum a 15 
limit beyond which the process ceases to be eco 
nomical. Similar conditions exist in the employ 
-ment of gases for the circulation and the reduc 
tion of the partial pressure of the substance to 
be distilled. ‘ , 

Moreover, it is already known to distil mineral 
oils (for example) without using steam and the 
like, by distributing the material under treatment 
in the form of a thin layer in the vacuum cham 
ber. The formation of distillate vapour during 
the distillation produces a further atomization of 
the product, so that a very large evaporative 
surface results. Since no steam or the like is 
admitted into the plant, the task of the air pump 
in maintaining the vacuum is restricted to the 
evacuation of any air that may leak into the ap 
paratus, and of any other uncondensable gases 
that may be present‘ or formed. Nevertheless, 
in carrying out this method in practice, di?icul 
ties arise because the distribution of the charge 
in the vacuum chamber necessitates the employ 
ment of pumps for circulating the liquid, which 
pumps frequently give rise to working troubles 
in consequence of the high temperatures and the 
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resulting heavy wear of the stuffing boxes. More‘ 40 
over-for example in the ?nal stages of the frac 
tional distillation of mineral oils-the viscosity 
oflthe residue is so high that the. circulation by 

' pumping is rendered di?icult. 
According to the present invention, the distil- '; 

lation is performed under a very high vacuum, 
without the employment of steam or of circulat 
ing' devices provided with moving parts Accord 
ing to the invention, the material torbe distilled 
is kept in circulation in the still by providing 60 
the latter with an internal upcast pipe which 
dips into the liquid and through which there is 
admitted a substance-for example in the dis 
tillaticn of mineral oils, one of the fractions of 
low boiling point-which condenses completely, 
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at the temperature of the available cooling water, 
and therefore possesses a vapour pressure of 
somewhere below l0—for example, 3 mm. or 
less—of mercury. Another factor on which the 
selection of this substance depends is that it 
should be capable of fairly sudden vaporization 
on entering the upcast pipe, so that its vapours 
lift the charge material in the pipe. On issuing 
from the upper end of the pipe the material is 
brought into a more or less ?nely divided condi 
tion. Thus the distillation is performed whilst 
the material to be distilled is dispersed in the 
vapour space of the still. A de?ector, facilitat 
ing the dispersion and atomization may be pro 
vided, in known manner, above the upper mouth 
of the upcast pipe. In addition, the vapour space 
of the still may be provided with devices which 
retard the descent of the charge material through 
'said space and-also in known manner-—which 
help to facilitate distillation. 
According to the invention, chemical action on 

the charge material may also be combined with 
the distillation. For example, with a view to 
decolorizing and re?ning the products, substances 
such as hydrogen peroxide, formaldehyde and the 
like, may be admitted into the still with the liquid 
effecting the circulation. If, in this operation, 
water is produced by the chemical reaction, the 
amount formed is nevertheless too small to 
have any adverse in?uence on the evacuation of 
the apparatus or on the condensation of the gases 
passing from the still. Therefore, even the pres 
ence of small quantities of steam does not prevent 
the distillation from being performed, in accord 
ance with the invention, under—-to a certain ex 
tent-any convenient high vacuum and without 
any substantial extra outlay for the production 
and maintenance of the vacuum in the plant. In 
addition the present; invention provides, for the 
?rst time, a satisfactory solution of the problem 
of maintaining the charge material in circulation 
without impeding the process of distillation. 

In order more clearly to understand the nature 
of the invention, reference is made to the accom 
panying drawing, which illustrates diagrammati 
cally and by way of example, two embodiments of 
apparatus suitable for carrying out the invention. 

In the embodiment illustrated in Fig. 1, l is a 
vacuum still, into which the substance to be dis 
tilled is introduced through the branch 2. The 
vessel I is provided with a circulation device, con 
sisting of a cylindrical pipe 3, ?ared at top and 
bottom, and into the lower end of which extends 
a tube 4 provided with a nozzle. Above the pipe 
3 is mounted a de?ector 5, below which can be 
arranged means, such as cups or ba?le plates, over 
which the liquid to be treated is conducted in 
order to increase its super?cial area still further. 
The still I may be provided with internal heating 
means, such as tubes 6, or it may also be heated 
from the outside. If, for example, the still be 
charged with mineral oil, heated to 300° 0., from 
which (for example) the fractions of lower boil 
ing point have already been distilled off, and 
fractions of higher boiling point are to be dis 
tilled at that temperature, then a light oil, vapor 
izing at 200° C., is introduced by way of the tube 
4. This oil is delivered, by means of a pump 1 
and the pipe 8, into the heater 9 and is heated to 
such an extent that a considerable portion of it 
vaporizes on expanding in the nozzle III. The 
heating and vaporizing of‘ the light oil may, how 
ever, be effected solely by mixing'it with the oil 
contained in the still I. The vaporized light oil 
ascends in the pipe 3 and, on the air-lift princi 
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ple, carries mineral oil from the still up with it, 
thereby producing a circulation of the said 011. 
Between the deflector 5 and the surface of the 
liquid in I, the liquid introduced through the tube 
4 and a portion of the charge material detach 
themselves, in the form of vapour, from the min 
eral-oil circulation. If the vapours passing out 
of the still by way of the pipe ll be passed 
through several-e. g. 3 or 4-—condensers in suc 
cession, it will be possible to condense the distil 
late vapours separately from the light-oil va 
pours employed as the conveying medium. For 
example, two different fractions of the hydrocar 
bons distilled from the mineral oil will be con 
densed in the ?rst two condensers, whereas the 
vapours of the circulatory liquid will be con 
densed only in the subsequent condenser or 
condensers. Of course, the condensation temper 
atures in the several condensers must be suitably 
adjusted by arranging the cooling conditions ac 
cordingly. The liquid employed for producing 
the circulation can therefore be completely recov 
ered and introduced into the still again. Conse 
quently, owing to theexclusion of the steam hith 
erto required for the agitation and the reduction 
of the partial pressure, the air pump of the plant 
has now merely to evacuate the amounts of gas 
that have leaked in and are uncondensable, and 
therefore an absolute pressure of a few mm. of 

. mercury—-or even less—can be maintained in the 
still. The air pump may be assisted by inserting 
an injector in front of it-—which may also be 
located in front of or between the condensers 
which, however, will be operated (of course) by a 
medium more easily condensable than steam, in ' 
order to maintain the optimum vacuum in the 
apparatus. 

Fig. 2 represents a somewhat modi?ed embodi 
ment of the distilling apparatus of the present 
invention which is suitable for use in cases where 
mineral oil, for’ example, is distilled in two stills, 
such as at 200° C. in still I2 and at 300° C. in still 
l3. The stills may be of known types and heated, 
for example, by the furnaces I20 and I30.‘ How 
ever, since it is hardly possible, in existing plants, 

. to make the stills su?iciently tight for an absolute 
pressure of 2-3 mm. of mercury gauge, the pres 
ent invention provides the still I3 with a super 
structure M. The two chambers I3a and Ma are 
separated by the partition I4b so that the oil cir 
culation proceeds through the upcast pipe 28 and 
the down pipe 29. With this arrangement the 
same pressure-—for example 30-50 mm. of mer 
cury—can be maintained in the still I3 as in the 
still I2, and the distillation-in the vapour'space 
I4a can, nevertheless, proceed under any conven 
ient higher vacuum, such as 1 mm. of mercury, 
or even less. The distillate vapour obtained in 
the still I2 is passed to the condensers I5, I6, I‘! 
where the corresponding fractions are condensed. 
The vapours from the still I3 and the chamber, 
I4 pass to the condensers I8, I9, and 20. These 
are'operated in such a manner that the vapours 
formed in the still l3 and the vessel I4 are sub 
stantially condensed in the condensers I8 and I9, 
whilst the light oil, or the like, employed for the 
circulation, is recovered in ' the condenser 20. 
However, it is likewise possible to condense, in 20, 
also a portion of the distillate originating from 
the contents, of the still I3. In such case the 
whole or part of the condensate from 20 can 
be returned to the still I3. For example, a por 
tion of this condensate is passed through the pipe 
2| into a vessel and subjected to further treat 
ment, if necessary, the remainder being returned 
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to the circulator 28 of the still I 3 ‘by way-of the 
pipes 22 and 24, the superheater 25, the pipe .26 
and nozzle 21, by means of a pump 23. By the 
circulator 28, the contents of the still 13 are cir 
culated through the vessel I 4, which is under 
a lower absolute pressure than the still I3 itself. 
Such of the charge material as is not vaporized 
in I 4 ‘returns into the heated still l3 by way of 
the pipe 29. The vacuum in Ha is suitably main 
tained by a steam exhauster 30, the operative 
steam of which passes into the condenser 3|, 
where it is condensed, the uncondensable gases 
and vapours drawn out of the apparatus by the 
exhauster being completely cooled at the same 
time. The pipe 32 leads to an air pump which 
evacuates the condenser 3|. The gases and va 
pours from the still l2 that are uncondensed in 
I 5, l8 and I‘! can be passed into the same, or a 

' second, condenser, this measure being, of course, 
adapted to include the water vapours when the 
distillation in still I2 is conducted with steam 
and not by the method according to the invention. 
The oil to be treated is supplied to the still 12, 
either continuously or in measured intermittent 
quantities, through the pipe 33. When the de 
sired fractions have been distilled off in still l2 the 
oil is transferred-continuously or in batches— 
to the still l3 through the pipe 34, which is pro 
vided withshut-off or regulating devices. The 
residue in the still I3 is evacuated in known‘ 
manner. 
The method of the present‘invention may, of 

course, be applied to plants equipped with more 
than two stills. ' ~ 

I' claim: 
1. Process for the distillation of a liquid which 

comprises heating the same ‘in a heating cham 
' ber to a temperature below boiling, temperature, 
conveying the heated liquid from the heating 
chamber into a vaporizing chamber by the air 
lift principle by injecting thereinto a second 
liquid which vaporizes at the temperature of the 
heated liquid but exists in the liquid state at at 

3 
mospheric temperatures under low absolute pres 
sures, maintaining in said vaporizing chamber a 
subatmospheric pressure at which a portion of 
the heated liquid and said second liquid vaporize, 
withdrawing vapors from the vaporizing cham- l5 
ber and subjecting them to condensation; and 
returning the unvaporized liquid from the vapor 
izing chamber to the heating chamber. 

2. Process ,for the distillation of a mineral oil 
which comprises heating the same in a heating 1o 
chamber to a temperature below boiling tempera- . 
ture, conveying the heated oil from the heating 
chamber into a vaporizing chamber by the air- ‘ 
lift principle by injecting thereinto a liquid hy 
drocarbon which vaporizes at the temperature 15 
of the heated oil but exists in the liquid state at 
atmospheric temperatures under low absolute 
pressure, maintaining in said vaporizing chamber 
a subatmospheric pressure at which a portion of 
the heated oil and said liquid hydrocarbon van- 20 
porize, withdrawing vapors from the vaporizing 
chamber and'subjecting them to condensation, 
and returning the unvaporized mineral oil from 
the vaporizing chamber to the heating chamber. 

_3. Apparatus for vacuum distillation of liquids 25 
which comprises a heating chamber, means for 
heating the same, a separate vaporizing chamber 
positioned above the heating ‘chamber, an up 
cast .pipe extending from near the bottom of the 
heating chamber into and terminating near the 30 
top of the vaporizing chamber, a down-cast pipe 
leading from the bottom of the vaporizing cham 
ber into and terminating near the bottom of 
the heating chamber,'said'chambers communi 
cating with each other through said pipes only, v 
means for withdrawing vapor from the vaporizing 
chamber, condensers‘ for these vapors, a vacuum 
pump connected to the last condenser, a nozzle 
“at the bottom of the up-cast pipe in the heating 
chamber, and means for conveying ?uid to- said 40 
nozzle. 
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