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UNITED STATES 

1,886,256 

PATENT OFFICE 
OSCAR. H. WURSTER, OF CHICAGO, ILLINOIS 

PROCESS OF AND APPARATUS FOR DISTILLING LIQUIDs 
Application filed February 13, 1928. Serial No. 253,826. 

My invention relates to new and useful im 
provements in distilling processes and appa 
ratus for distilling various liquids and the 
same is particularly well adapted for use in 

5 connection with liquids which show a ten 
dency to partially decompose and for liquids 
which do partially decompose when distilled 
directly or alone at normal atmospheric pres 
sure. This invention relates to a process and 

if apparatus similar to that disclosed in my 
co-pending application, Serial No. 253,827, 
filed on even date therewith. Such liquids 
are distilled in a partial vacuum, whereby the 
boiling points of the liquids is lowered in ac 
cordance with the degree of exhaustion. A 
gas or vapor, such as for example steam, may 
be injected into the liquid to be distilled so 
that a condition is brought about in which 
the sum of the vapor pressure of the liquid 

Si to be distilled and that of the vapor, or gas, 
which is introduced to facilitate the distilla 
tion is greater at a given temperature than 
the vapor pressure of the liquid to be dis 
tilled, and in this manner the boiling point 

5 is lowered enabling the distillation process 
to be carried out at a lower temperature and 
without harmful effect upon the liquid to be 
distilled. The two methods referred to above, 
namely, carrying out the distillation under 

30 partial vacuum and introducing a vapor to 
increase the vapor pressure and lower the 
boiling point of the mixture, may be com 
bined for the purpose of preventing a partial 
decomposition of the liquids. I have im 

35 proved the combined process of distillation 
under vacuum with injected gas, as will be 
described. 
In many distillation processes, it is desir 

able to use superheated steam as the fluid to 
40 be injected into the liquid to be distilled. 

When steam is the injected fluid, it is desired 
to superheat it in cases where the temperature 
of distillation under the given conditions is 
above the temperature of saturated steam at 
the vacuum existing in the still. 
In some former processes of distillation, 

steam from a boiler was expanded and super 
heated in a special vessel, and this steam was 
then injected into the liquid, such as glycer 
ine. This process was improved by generat 

ing steam under vacuum from the dilute 
liquor obtained from the condensation of the 
Steam used in a previous distillation. This 
Steam So generated under vacuum was then 
Superheated in a heat exchanger by the vapors 55 
of the distilling liquid and the superheated 
steam was then injected into the body of the 
liquid to be distilled to aid in the distillation 
thereof. This was a desirable improvement 
insofar as the conservation of heat was con- 66 
cerned. The steam for distilling was gen 
erated under vacuum and at relatively low 
temperature, and could then be generated by 
means of the exhaust heat from other parts 
of the process such as the still, the concen- 05 
trator and the pumps. The low temperature 
steam was superheated by vapors from the 
distilling liquid, thus absorbing heat while 
at the same time cooling and partially con densing these vapors. In the operation of 70 
these older processes, I found the following 
objections and short-comings coupled with 
their specific advantages. The process which 
used steam from the boiler, expanding and Superheating the steam to be injected, while 75 
giving expanded and superheated steam of 
high temperature, had a high steam consump 
tion, and was therefore costly in operation. 
The high temperature, however, resulted in a 
high recovery of product from the still resi- 80 
due. The process which evaporated by 
means of Waste heat the previously condensed 
dilute liquors and superheated the resulting 
steam by the vapors arising from the distilling 
liquid, was economical insteam consumption, 86 
but did not give still temperatures high 
enough to be conducive to a high yield of dis 
tilled liquid from the crude liquid. . That 
this would be so, can be clearly understood 
on a consideration of the conditions. The 90 
steam to be injected being heated by the 
vapors from the distilling liquid, said super 
heated steam would not, in practice, in pass 
ing through the superheater, reach the tem 
perature of the distilled vapors. Further- os 
more, the vapors arising from the distilling 
liquid are in practice at a lower temperature 
than the impure liquid itself. Therefore, the 
injected superheated steam in this older proc 
ess, being colder than the liquid in the still, 10. 



5 the closed coil in the still. 

2 

has the actual effect of cooling the liquid in 
the still. The heat required for distillation 
must therefore be made up from the heat 
transmitted from the high pressure steam in 

There is, there fore, a retarding effect on the process of dis 
tillation which becomes more and more pro 
nounced as the process proceeds and the resi 
due accumulating in the still becomes heavier 

10 and thicker. 
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High still temperatures are desired at the 
finish of a run to effect a high recovery of the 
liquid, such as glycerine, from the still resi 
due or foots. But as the end of a run is approached, the amount of liquid vapors pass 
ing over with the steam becomes less and less. 
Therefore, the steam to be injected has in the 
alder process less heat transferred to itself 
and goes to the still at a lower temperature. 
As the residue in the still becomes thick and 
heavy the heat from the still coils is con 
ducted through the mass less readily and less 
effectively. The results of these conditions 
are that the capacity of the apparatus is re 
duced and it becomes impossible to remove 
and recover as much of the liquid, such as 
glycerine, from the residue or foots as can be 
recovered at higher still temperatures. Such 
liquid, as glycerine, is then lost in the residue 
or foots, or must be recovered so far as prac 
tical in some subsequent recovery process, 
adding to the cost and trouble of the opera 
tion. 
To make the above conditions clear, they 

can be illustrated by the following example. 
With an average still temperature of 350°F. 
it has been found that the vapors of the dis 
tilling liquid would only heat the steam com 
ing from the evaporator from an average 

p temperature of about 120°F to a temperature 
of 285° to 300° F. It is obvious, therefore, 
that in this instance the injected steam had to 
absorb sufficient heat from the liquid in the 
still to have its temperature raised 50° to 75 
F. or to the still temperature before it could 
distill the liquid, and in having its own tem 
perature raised, the injected steam must nec 
essarily cool off the adjacent portions of the liquid. 
y found that it would be desirable and 

would improve the process of distillation and 
increase the yield if the expanded injected 
steam would be brought to a temperature 
above the temperature of the vapors in the 
still and equal to or higher than the temper 
ature of the liquid in the still, so that the 

60 

65 

injected steam would impartheat to the proc 
ess of distillation instead of absorb heat as 
in the former process last described. 

It is an object of my invention to econo 
mize heat in my novel process and at the same 
time to bring the temperature of the steam 
which is to be injected into the still to a tem 
perature equal to or above the temperature of 
the liquid in the still prior to its injection. 
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Other objects of my invention are to ob 
tain as pure a distillate as possible from the 
impure or crude liquid distilled, to obtain as 
high a yield of pure liquid as possible from 
the raw, crude, or impure liquid, and to have 
the apparatus so designed that the above de 
sired results will be brought about as effi 
ciently and as simply as possible, and at the 
same time with as low steam or heat consump 
tion as possible. 
My invention is exemplified in the combi 

nation and arrangement of parts shown in 
the accompanying drawings and described in 
the following specification and in the steps 
of the process disclosed therein. 
The numbers on each drawing refer to the 

same or to corresponding parts of the equip 
ment. 

Fig. 1 shows one general arrangement in 
elevation of a complete distilling unit to 
which my invention applies; 

Fig. 2 shows one plan of such a distilling 
unit; w 

Fig. 3 is a diagrammatic elevation of the 
still, catchall, preheater, receiver, evapora 
tor, Superheater, and connecting piping with 
parts in section showing one form of appara 
tus comprised in the present invention and 
suitable for carrying out the process as de 
scribed. 
One of the liquids for which my process 

and apparatus is well adapted is crude glyc 
erine. It will, of course, be obvious that my 
process and apparatus is not limited in its 
application to the distillation of glycerine, i.i. 
but that the same may be used in distilling or 
fractionating other liquids which are dis 
tilled by steam or water vapors and particu 
larly such liquids which show a tendency to 
partially decompose when distilled directly 
or alone at normal pressure. 
My process and apparatus consists in in 

stalling a high temperature superheater in 
the steam line between the still and the heat 
exchanger in which the steam from the evap 
orator or from the concentrator is preheated 
by the vapors arising from the liquid in the 
still. In this superheater the partially super 
heated steam which is below the temperature 
of the liquid in the still is further superheated 
to a temperature equal to or above the tem 
perature of the liquid in the still. 
This superheater may be heated by any 

suitable means such as by being oil or gas 
fired or steam heated. A means of heating 
which is readily controlled is naturally to be 
desired. I have found as an especially desir 
able form of superheater one in which the 
partially superheated steam is heated to its 
desired temperature by high pressure steam 
from the same source as the steam which is 
used in the closed coil of the still for eating 
the still. I have also found as desirable the 
method of connecting this final superheater 
in such a way that the heating steam from the 
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outlet of the still heating coil passes next form of counter-current heat exchanger. through the superheater. The heating steam 
outlet of the superheater can then be con 
nected to the heating steam inlet of the evap 
orator, thus effecting an efficient use of the 
available heat. 
As shown in the drawings, the numeral 10 

designates a still. This still is provided with 
a heating coil 11 with steam line 12 con 
trolled by valve 13 leading to the coil and 
steam line 14 leading away from the still 
heating coil. The still is further provided 
with expanded and superheated steam inlet 
pipe 15 leading to open spider 16 from which 
the steam is injected into the liquid, such as 
glycerine, to be distilled. The mixed vapors 
arising from the liquid pass out of the still 
through pipe 17 through catchall 18. En 
trainment separated in this separator returns 
to the still through pipe 19. The hot still 
vapors pass from the separator through pipe 
20 to the preheater-condenser 21. In the pre 
heater-condenser the mixed vapors are par 
tially cooled and some of the glycerine is con 
densed. The remaining vapors and con 
densed liquid pass through pipe 22 to pre 
heater-receiver 23 where the liquid is sepa 
rated from the vapors. The vapors 
through pipe 24 to cooler-condenser 25. Here 
most of the remaining glycerine is condensed 
from the mixed vapors and passes through 
pipe 26 to cooler-receiver 27 where the con 
densed glycerine liquidis separated from the 
remaining water and glycerine vapors. The 
condensed glycerine from the preheater-re 
ceiver 23 and the cooler-receiver 27 
passes through pipes 28, 29, and 30, back 
to the still 10, or through pipe 31 to the 
concentrator 40, as desired. Suitable control 
valves 47 and 48 are provided for this pur 
pose. The water vapor containing a small 
amount of glycerine vapor and non-condens 
able gases from cooler-receiver 27 pass 
through pipe 32 to the Sweet-water condenser 
33. Here the water vapor and remaining 
glycerine are condensed and passing through 
pipe 34 to sweet-water receiver 35 flows 
through pipe 36 to sweet-water evaporator 
37. The separated non-condensable gases 
pass through pipe 38 to vacuum pump 39. 
The sweet-water evaporator 37 may be 

heated by steam from any suitable source, 
but as shown the exhaust steam from the 
high pressure coil in the concentrator. 40 
passes through pipe 41 to the steam inlet 
of the sweet-water evaporator and the ex 
haust steam from the high pressure steam 
chamber of the superheater 42 passes through 
pipe 43 to the steam inlet of the sweet-water 
evaporator. 
The steam or vapor passes off from the 

evaporator under a vacuum of 24' to 26 
corresponding to temperatures of approxi 
mately 140° to 125° F., through pipe 44 to 
the preheater-condenser 21, which is a special 

aSS 

Here the vapor or steam from the evaporator 
is Superheated to a temperature somewhat 
below the temperature of the vapors coming. 
from the still. This is so because the super 
heating is done by the vapors arising from 
the liquid in the still. When distilling glyc 
erine the temperature to which the steam is 
superheated in the pre-heater condenser has 
been observed to be from 285 to 3000 F. 
The partially superheated steam from the 

preheater-condenser 21 passes through pipe 
45 to superheater 42. This superheater is 
heated by suitable means such as high pres 
sure steam from the outlet pipe 14 of the still 
heating coil 11. With steam at 200 pounds 
gauge pressure and at the corresponding tem 
perature of Saturated steam, the super-heater 
may thus be heated to a temperature of ap 
proximately 387 F. and the steam which 
has already been superheated to about 285 
to 300°F. in the preheater-condenser is fur 
ther superheated to a temperature above the 
temperature of the vapors rising from the 
still and to a temperature equal to or higher 
than the temperature of the liquid in the 
still. In the case of distilling glycerine the 
temperature of the superheated steam may be 
raised in the superheater to a temperature of 
from 350 to 375 F. using heating steam at 
200 pounds pressure and to higher tempera 
tures with heating steam at higher pressure 
Or with the heating steam superheated. 
The superheated injection steam, prepared 

as described above, next passes through pipe 
46 into the still pipe 15 and into the open 
steam distributing spider 16 in the bottom of 
still 10. The expanded and superheated 
steam is here injected into the body of the 
liquid which is under a vacuum of above 27' 
and facilitates the distillation thereof. 
By preheating and further superheating 

the expanded injection seam as described 
above, my invention brings about a continu 
ous system of distillation effecting a consid 
erable economy in the use of steam and at 
the same time accomplishing the important 
result of giving a more complete recovery of 
the liquid, such as glycerine, from the still 
residue or foots. 

It will be seen that I economize heat in my 
novel process and at the same time bring the 
temperature of the injected steam to a tem 
perature equal to or above the temperature of 
the liquid in the still prior to its injection. 
By this means, I not only effect all of the 
economies inherent in using waste heat from 
various sources for generating the steam 
under vacuum and of transferring heat from 
the vapors of the distilling liquid to the 
steam to be injected and by this means par 
tially cooling and condensing said vapors 
from the distilling liquid, but I also increase 
and maintain the rate of distillation in my 
apparatus because of this increase of tem 
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perature of my injected superheated steam 
and I thus make it possible to have a high 
temperature in the still at and near the end 
of the run thus permitting a higher recovery 
of liquid, such as glycerine, from the still 
residue or foots. With suitably high tem 
peratures and high vacuum this final recov 
ery of the liquid, such as glycerine, from the 
foots may be carried to such a degree of com 
pletion that the residue or foots may be dis 
carded as practically useless and thus elim 
inate the cost and trouble of any further 
recovery process. 

It should be noted that my invention is 
not limited strictly to the various details of 
the process and of the apparatus which have 
been particularly described but that the same 
is as broad as is indicated by the accompany 
ing claims. 

I claim:- 
1. A process of distilling liquids under 

vacuum and in an atmosphere of steam which 
comprises the injection of superheated steam 
into the liquid to be distilled, condensing the 
mixture of steam and vapor from the dis 
tilling liquid, evaporating a fraction of said 
condensate under vacuum and preheating the 
vapor therefrom by the vapors from the dis 
tilling liquid, and superheating said pre 
heated vapors by high temperature and pres 
sure steam to form the said superheated 
steam injected into the liquid to be distilled, 
said condensate being evaporated by the said 
high pressure steam after being used to super 
heat the said preheated vapors. 

2. A process of distilling liquids which 
comprises passing steam through a super 
heater, injecting the superheated steam into 
the liquid to be distilled, condensing the mix 
ture of steam and vapor from the liquid, 
maintaining the distilling liquid and conden 
sate under vacuum, evaporating the water 
in the condensate by exhaust steam from said 
superheater, preheating the vapor or steam 
from the condensate by the vapors from the 
distilling liquid, and superheating the pre 
heated steam by said superheater to form 
said superheated steam injected into the 
liquid. 

3. A process of distilling liquids which 
comprises heating the liquid to be distilled 
with a steam coil, injecting superheated steam 
into the liquid, condensing the mixture of 
steam and vapor from the distilling liquid, 
evaporating a fraction of the condensate, 
maintaining the distilling liquid and conden 
sate under vacuum, preheating the vapors 
from the condensate by the vapors from the 
distilling liquid and superheating the pre 
heated vapors above the temperature of the 
distilling liquid by the steam passing through 
the still steam coil to form the said super 
heated steam injected into the liquid to be 
distilled. 

4. An apparatus for distilling liquids com 
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prising a still, an evaporator, means for 
maintaining a vacuum in said evaporator and 
still, means for maintaining said still at dis 
tilling temperature, a preheating condenser 
having a conduit connecting said evaporator 
with said still and a conduit connecting said 
still with said preheating condenser to pre 
heat the vapor from said evaporator by the 
vapor from said still, a preheater receiver 
connected with said preheater condenser to 
separate the vapors from the condensate, a 
final condenser, a receiver connected with said 
final condenser and having vacuum means to 
remove the uncondensed vapors, a liquid con 
duit connecting said last-mentioned receiver 
with said evaporator, a concentrator, liquid 
conduits connecting said preheater receiver 
with said still and concentrator. valves in 
said last-mentioned conduit, one of said valves 
being between said preheater receiver and 
said still and the other being between said 
preheater receiver and concentrator, said 
valves permitting the flow of liquid from 
said preheater receiver to be directed into 
said concentrator or into said still, as de 
sired, and a Superheater between said pre 
heating condenser and still for heating the 
vapors in the conduit connecting said evapo 
rator and still. 

5. An apparatus for distilling liquids com 
prising a still, an evaporator, means for 
maintaining a vacuum in said evaporator and 
still, means for maintaining said still at dis 
tilling temperature, a preheating condenser 
having a conduit connecting said evaporator 
with said still and a conduit connecting said 
still with said preheating condenser to pre 
heat the vapor from said evaporator by the 
vapor from said still, a superheater between 
said preheating condenser and still for heat 
ing the vapors in the conduit connecting said 
evaporator and still, a steam connection with 
said superheater for heating the same, and 
means for heating said evaporator from the 
exhaust steam of the superheater. 

6. An apparatus for distilling liquids com 
prising a still, an evaporator, means for 
maintaining said still at distilling tempera 
ture, a preheating condenser having a con 
duit connecting said evaporator with said 
still, and a conduit connecting said still with 
said preheating condenser to preheat the 
vapor from said evaporator by the vapor 
from said still, a superheater between said 
preheating condenser and still for heating 
the vapors in the conduit connecting said 
evaporator and still, fractionating condens 
ers and receivers connected with said pre 
heating condenser, means for removing the 
uncondensed gases, means for maintaining a 
vacuum in the distilling apparatus and evap 
orator, a conduit connecting one of said re 
ceivers with said evaporator, a concentrator 
having a vapor, connection with one of said 
condensers, and a conduit connecting other of 
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said receivers with said still and concen 
tractor, valves in said last-mentioned con 
duit to direct the condensate into said still 
or concentrator, as desired. 

7. The method of distilling liquids which 
comprises the steps of heating the liquid to 
be distilled by superheated steam which is 
out of direct contact with the liquid, con 
densing the vapors from the liquid, evapo 
rating said condensed vapors by steam ex 
hausted from the distillation of said liquid 
but said condensed vapors being out of di 
rect contact with said steam, passing the 
steam resulting from the evaporation back 
into the liquid being distilled, preheating 
said last mentioned steam by said vapors re 
sulting from said distillation and before said 
last mentioned steam reaches the liquid being 
distilled, and superheating the said preheat 
ed steam before the same reaches Said liq 
uid and by the first mentioned steam while 
the same is passing from the liquid being 
distilled to the condensed vapors being evap 
orated. 

2 8. In an apparatus for distilling liquids, 
the combination with a still, of an evapo 
rator, a preheating condenser, a steam coil 
for heating liquid in said still, conduits for 
directing vapors from said still through said 

30 preheating condenser and thereafter to said 
evaporator, means for heating the condensed 
vapors in said evaporator, a conduit for di- . 
recting vapors from said evaporator through 
said preheater and thereafter to said still, 

35 said last mentioned vapors thereby being 
heated by said first mentioned vapors, and 
a superheater for superheating the vapors 
passing from said preheating condenser to 
said still, said superheater being heated by 

40 exhaust steam from said coil. 
9. In an apparatus for distilling liquids, 

the combination with a still, of an evapo 
rator, a preheating condenser, a steam coil 
for heating liquid in said still, conduits for 

4 directing vapors from said still through said 
preheating condenser and thereafter to said 
evaporator, means for heating the condensed 
vapors in said evaporator, a conduit for di 
recting vapors from said evaporator through 
said preheater and thereafter to said still, 
said last mentioned vapors thereby being 
heated by said first mentioned vapors, and a 
Superheater for superheating the vapors 
passing from said preheating condenser to 
said still, said superheater being heated by 
exhaust steam from said coil and said evapo 
rator being heated by the exhaust steam from 
said superheater. 
In testimony whereof I have signed my 

name to this specification on this 7th day of 
February, A. D. 1928. 

OSCAR. H. WURSTER. 
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