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METHOD OF SEPARATING GAS MXTURES 

Water E. Lobo, Westfield, N.J., assignor to The 
M. W. Kellogg Company, Jersey City, N.J., a 
corporation of Delaware 
Application April 29, 1948, SerialINo. 23,933 

(CI. 62-175.5) 10 Claims. 
1. 

This invention relates to improvements in the 
separation of normally gaseous mixtures, Con 
taining higher boiling components as undesirable 
impurities, by low temperature liquefaction and 

process. 

of solid adsorbent material. 

liquefied gas. 

luct. 

quantities of air. 

2 
process some higher boiling gaseous impurities 
condense as liquids and solids on the cooling Sur 
faces, and in time accumulate in such quantities 
as to restrict the gas flows and upset the plant 

By employing the principle of re 
versing heat exchange to perform the main cool 
ing step of the process, either by means of re 
generators or exchangers, water and carbon di 
oxide in particular may be so effectively removed 
that long time plant operating schedules are poS 

Hydrocarbons, however, are seldom pres 
ent in the feed air in concentrations great enough 
to cause condensation and thereby their removal 
in the main forecooling step. Yet these hydro 
carbons must be removed from the plant by some 
means, as they not only interfere with the flows 
but also introduce a hazard. By the nature of 
the process, traces of hydrocarbons in the feed 
air finally accumulate in the reservoir of oxygen 
rich liquid at the bottom of the main rectification 

With a sufficient concentration of hydro 
carbons in the oxygen-rich liquid, the plant is li 
able to damaging explosions in the event the re 
action is detonated by some priming agent. It 
is known that acetylene is present in atmospheric 
air and that it accumulates in the oxygen-rich 
liquid as a Solid explosively sensitive to shock, 
electro static charges, or even sudden tempera 
ture changes, particularly if Ozone also is pres 
ent in the liquid. While the acetylene concen 
trations in air are usually Small, the saturation 
Concentrations in the oxygen-rich liquid are also 

For example, solid acetylene may be pre 
cipitated when it reaches the low concentration 

Beds of adsorptive materials have been em 
ployed at the cold outlet of the forecooling step, 
on the inlet line to the expander, and on the oxy 
gen-enriched liquid air line of a conventional 
two stage rectifying column, these beds being de 
signed to take advantage of the high adsorptivity 
Of Solid adsorbents at low temperatures and un 

The beds usually are relatively 
large in size, require large amounts of refrigera 
tion for cooling preliminary to being placed in 
Service initially and after each regeneration pe 
riod, and Suffer the additional disadvantage in 
that they are subject to by-passing either through 
faulty operation or through defects in construc 
tion. These devices situated as they are in the 
plant processing arrangement, are not capable 
of being used to remove any impurities that may 
have by-passed the adsorbent in a period of 

Hydrocarbons also have been removed from 
the OXygen-rich liquid by an evaporative proce 
dure. This procedure, however, concentrates the 
explosive impurities in a small stream of liquid 

rectification. More specifically, the invention re- 5 Operation. 
lates to the removal of a higher boiling Com 
ponent from a liquefied gas, such as one com 
prising carbon dioxide, air, oxygen, or hydrocar 
bons, the concentration being such that as a rule 
the component does not materially change the 10 
boiling point of the liquefied gas, but is otherwise Sible. 
objectionable because it either impairs the puri 
ty of the product or by its presence creates an 
explosive hazard in operating the separation 

15 
A specific object of this invention is to accom 

plish the substantially complete removal of an 
impurity from a liquefied gas in a rectification 
zone or to reduce the concentration thereof to 
a concentration within safe operational limits. 20 
Another object is to remove dissolved impurity stage. 

from a liquefied gas by the continuous and forced 
recirculation of the liquefied gas through a body 

A further object is to remove dissolved nor-25 
mally gaseous impurity from a liquefied gas by 
the continuous and forced recirculation of por 
tions of the liquefied gas through a body of gran 
ular particles of solid adsorbent material. 
A still further object is to remove dissolved 30 

normally gaseous impurity from a liquefied gas 
by recirculating continuously through a body of 
solid adsorbent material a stream of the lique- Small. 
fled gas maintained in positive flow conditions by 
a "thermal siphon' effect established and main- 35 of three parts per million by volume in the oxy 
tained by partial vaporization of the circulating gen-rich liquid. 

It is also an object to utilize the heat derived 
from condensing vapors of a higher pressure rec 
tification zone to establish and maintain a “ther- 40 
mal Siphon’ for the forced recirculation af a 
stream of a liquefied product of a lower pressure 
rectification zone through a closed circuit in 
cluding a body of adsorbent material for adsorb- der preSSure. 
ing a dissolved impurity from the liquefied prod- 45 

Other objects will become apparent in the more 
detailed explanation of the invention with ref 
erence to illustrative examples concerning the 
removal of acetylene from the air in connection 50 
with the separation of air by the well-known pro 
cedure of low temperature rectification. 
The separation of atmospheric air into oxy 

gen-rich and nitrogen-rich products by lique 
faction and rectification at low subatmospheric 55 faulty operation. 
temperatures requires the use of relatively large 

Consequently, even insignifi 
cant amounts of impurities in the feed air read 
ily can become greatly magnified if not removed 

60 continuously. During the forecooling step of the Oxygen that has to be wasted at the expense of 
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the plant's refrigeration and, therefore, lowers 
the plant's power economy. This evaporative 
method is hazardous because there is no certainty 
that all of the hydrocarbons are contained in 
the waste liquid stream Since SOIne, for exainple, 
may be entrained in the rising vaporS Of evapora 
tion and deposited in a location where they are 
particularly liable to explode. Also, great care 
must be exercised to avoid explosions in the dis 
posal line. 
The present invention will be illustrated by its 

application to the removal of acetylene from the 
“so-called' low pressure rectification stage of an 
air separation plant producing an oxygen-rich 
product. According to this application of the in 
wention, the oxygen-rich liquid at the base of the 
low pressure stage is recirculated over adsorptive 
Solids which renove the acetylene at Such a rate 
that, over the operating cycle of the adsorber, 
precipitation of the dangerous Solid phase of 
acetylene at all points of the circuit is avoided. 
This procedure eliminates acetylene at its point 
of final accumulation in the air Separation plant. 
It accomplishes this renoval in a Safe procedure 
Without allowing the acetylene to reach the dan 
gerous or solid state in the plant or in the re 
maining equipment. Because of the recircula 
tion procedure, imperfections in the adsorption 
step are less Serious since traces of acetylene 
that escape adsorption on their first pass through 
the adsorptive bed are eventually adsorbed in 
Subsequent passes through the bed. Acetylene 
escaping adsorption during "start-up periods' is 
adsorbed later when the adsorptive bed is func 
tioning effectively. 

For a more complete understanding of the 
process of the invention, reference is had to the 
following detailed description taken in connection 
with the accompanying drawings, in which: 

Figure 1 diagrammatically represents a por 
tion of a two-stage rectification tower and a 
closed recirculation System for passing liquefied 
gaS through a body of adsorbent in accordance 
With a preferred modification. 

Figure 2 diagrammatically shows an alternative 
arrangement of apparatus for recirculating lique 
fied gasthrough a body of adsorbent materia?. 

Figure 3 and 4 diagrammatically illustrate a 
further alternative arrangement for recirculat 
ing continuously through a body of adsorbent ma 
terial a stream of liquefied gas maintained in 
positive flow conditions. 

Figures 5 and 6 show diagrammatically the ap 
plication of the process of the invention accord 
ing to the preferred modification in connection 
With a single stage rectification tower. 

In the preferred modification, as applied to a 
tWO-stage rectification operation, the method of 
the invention utilizes a closed recirculation sys 
tem Wherein the liquefied oxygen-rich liquid ac 
Cumulating in the bottom of the low pressure, or 
main, rectification stage is passed continuously 
through a body of adsorbent material. A portion 
of this liquid is reboiled to provide vaporized 
product and the vapor upflow for rectification. 
Circulation of liquid through the adsorbent pref 
erably is induced by a, “thernal flow' effect es 
tablished by the “siphon action' set up by a re 
boiler which may be within or external to the 
rectifying column and may provide either part or 
all of the reboiling required. Heat for reboil 
ing is obtained by heat exchange between vapor 
izing oxygen-rich liquid and condensing vapors 
of nitrogen from the top of the preliminary, or 
high pressure, rectification stage. 
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4. 
According to one processing arrangement in 

COipOirating the preferred modification wherein 
recirculation. is effected by an external reboiler, 
the reboiling step is performed downstream from 
the adsorption Step and in this event the vaporized 
and unvaporized portions of acetylene-denuded 
liquid preferably are returned through a common 
conduit to the vapor space below the bottom tray 
of the main rectification stage. After vapor 
liquid separation the unvaporized portion from 
the external reboiler is commingled with the main 
body of oxygen-rich liquid in the rectifying tower. 
The vaporized portions are partially withdrawn 
a.S. product material and the remainder is per 
mitted to pass upwardly through the rectification 
Stage. According to an alternative processing 
arrangement, the reboiling step to establish liquid 
circulation is performed prior to the adsorption 
Step in which case an internal reboiler prefer 
ably promotes positive fluid circulation and the 
partial vaporization of the oxygen-rich liquid in 
the external reboiler is carried out primarily to 
produce only the residual vaporization required. 
The primary requisite of the method is to adjust 
the rate of flow of liquid through the adsorption 
Step to keep the acetylene concentration in the 
liquid returning to the rectification stage sufi 
ciently low So that when this liquid again is com 
iningled with the main body of oxygen-rich liq. 
lid the Overall acetylene concentration therein is 
inaintained below the concentration at which 
Crystals of acetylene precipitate for the calcu 
lated annount of vaporization in the rectification 
collinn. This rate of flow therefore is a variable 
condition dependent upon the efficiency of acet 
ylene adsorption per pass in conjunction with 
the acetylene content in the liquid downflow of 
the main rectification stage, 

Referring now to Figure 1, rectification tower 
II, Which is constructed in the conventional man 
ner for rectifying air, is separated into two com 
partments or stages denoted by the numerals 2 
and 3. For the purpose of this description only 
the top portion of stage 2 and the bottom por 
tion of stage 3 are shown, as these portions only 
are necessary to the description. Stage 2 repre 
Sents the first, or high pressure, rectification 
stage wherein the precooled compressed air is 
rectified primarily into liquefied oxygen-enriched 
air by removing overhead a part of its nitrogen 
content. The nitrogen thus separated is con 
densed and both products of the primary recti 
fication, preferably also subcooled, are then ex 
panded into the second, or main, rectification 
stage 3, together with another portion of cold 
eXpanded air, for separation into nitrogen-rich 
or oxygen-rich final products. This latter recti 
fication is performed under a lower pressure than 
the pressure of the first rectification Stage. 
The liquid downflow of the second rectifica 

tion accumulates in a pool at the bottom of stage 
3 around the outside of the tubes of the reboiler 
apparatus 4. Although the apparatus for re 
boiler 4 is shown in the figure as being a capped 
bundle of tubes located in the bottom of stage 
3 but having the inside of each tube opening 
into the vapor space at the top of stage 2, the 
design of this reboiler is not to be limited to this 
Specific arrangement. For example, a reboiler 
designed Somewhat similar to reboiler 50 of Fig 
ure 2 having suitable liquid and WagO Connect 
ing limes to stages 2 and 3 would be just as satis 
factory for carrying out the function of reboiler 
4. In any event the liquid at the bottom of recti 
fication stage 3 is reboiled to provide the Wapors 
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for rectification and vaporous product to be with 
drawn from the system. To prevent build-up of 
liquid around the reboiler the liquid revaporized 
necessarily must be equivalent to the liquid paSS 
ing down the rectification column into the pool. 
Since acetylene has a negligible vapor preSSure 
under the conditions at which this vaporization 
takes place, only a negligible quantity of this ma 
terial which enters the pool is removed in the 
evolved vapors. The highest acetylene concen 
tration in the air separation system exists at this 
point Since vaporization, particularly when pro 
ducing a vaporous product, is the primary means 
for removing material from the pool. 

Figure 1 illustrates the removal of acetylene 
according to the invention in an air separation 
process in which approximately 30,750 pounds 
per hour of oxygen-rich liquid enters the liquid 
pool surrounding reboiler 4 from the bottom tray 
of rectification stage 3 of which 11,165 pounds 
per hour is subsequently removed through line 
46 as vaporous product. Stage 3 of the rectifica 
tion operates under a pressure of 25 pounds per 
square inch absolute and this necessitates a re 
boiling temperature in the liquid pool of -290° F. 
The heat required to boil vapors from the pool, 
equivalent to the quantity of liquid entering it, 
is derived from the condensation of 21,449 pounds 
per hour of nitrogen vapors reaching the top of 
the high pressure rectification stage 2. This lat 
ter stage operates under a pressure of 105 pounds 
per square inch absolute so that the nitrogen va 
pors entering into heat exchange relation with 
the oxygen-rich liquid are approximately at 
-280 F. Inasmuch as the atmospheric air 
charged to the separation process may contain 
on the average about one part of acetylene per 
million parts of air on a gaseous volume basis, 
hereinafter referred to simply as a certain num 
ber of parts per million of acetylene, the down 
flowing oxygen-rich liquid continuously is bring 
ing into the liquid pool around reboiler 4, about 
two parts per million of acetylene. This acet 
ylene must be removed with enough efficiency 
to keep the concentration of acetylene in the 
liquid pool around reboiler 4 below three parts per 
million. So that the rectification can be carried 
out within Safe operational limits. 
The Oxygen-rich liquid is circulated continu 

ously through a body of adsorbent material to 
remove its acetylene constituent. In the pres 
ent illustrative process, a maximum of 55% of 
the liquid surrounding the tubes of reboiler 4 
is Vaporized thereat So that the acetylene con 
centration in the remaining liquid cannot do 
more than double its value. The process must 
be operated, however, in a manner to preclude 
precipitation of solid particles of acetylene even 
in the event that the acetylene concentration 
in the liquid downflow is doubled. This is done 
by continuous recirculation of the oxygen-rich 
liquid through an adsorbent which eliminates 
any disadvantage arising from lowered adsorp 
tion efficiency, a deficiency attendant With “once 
through' procedure, and thus assures greater 
certainty of removing enough acetylene to main 
tain the required low concentration thereof in 
the reboiler liquid. 
The adsorptive capability of the flow arrange 

ment of Figure 1, therefore, is adaptable to varia 
tions in the concentration of acetylene in the 
atmospheric air being charged to the separation 
system. The present process for describing Fig 
ure 1 is based upon an exemplary feed air mix 
ture initially containing an average of acetylene 
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concentration of one part per million. With a 
feed of this character and with a design in which 
the adsorption capacity of a bed of adsorbent 
is of Such proportions as to be capable of effec 
tively removing substantially all of the acetylene 
from the oxygen-rich liquid contacting it in a 
Single pass, the adsorption system can readily 
maintain a maximum tolerable acetylene concen 
tration of two parts per million in the liquid sur 
rounding the tubes of reboiler 4. On the basis of 
completely removing the acetylene from the oxy 
gen-rich liquid in one pass through the adsorber, 
a circulation rate equal to the total rate of va 
porizing the oxygen-rich liquid is sufficient to 
prevent the accumulation of acetylene. How 
ever, as it is always advisable in commercial in 
stallations to provide for certain inefficiencies of 
adsorption such as may be encountered when a 
bed of adsorptive material has been on stream 
for SOme time and is approaching need for re 
generation, this description is presented from the 
point of view that the adsorber effectively op 
erates at 50% efficiency. Thus oxygen-rich liq 
luid which contacts the adsorber with two parts 

5 per million of acetylene and leaves this contact 
With one part per million necessarily must have 
a circulation rate approximately double the mini 
num circulation rate of complete adsorption, or 
equal to the feed rate in mols per hour of the 
atmospheric air to the process. A circulatory 
flow through the adsorption system approximat 
ing at least a circulation rate equal to the feed 
air rate to the separation process eliminates the 
phenomenon of total vaporization heretofore 
employed in the bottom of rectification stage 3 
and thus eliminates the certainty of acetylene 
precipitation at this point. Furthermore, even 
if the feed air were to have an acetylene con 
centration of two parts per million increasing 
the circulation rate of liquid through the ad 
SOrber permits the adsorbent to reduce the acet 
ylene concentration in the pool of liquid around 
the tubes of reboiler 4 to below one and a half 
parts per million and thus definitely prevents 

5 formation of solid particles of acetylene. 
Figure l illustrates a preferable method for 

circulating the oxygen-rich liquid by “thermal 
flow.' By this method, reboiler 4 is operated 
to vaporize 17,000 pounds of liquid per hour. 
Meanwhile, 57,200 pounds per hour of liquid is 
withdrawn through line 5 and taken through 
One or the other of connecting lines 6 or 7, hav 
ing valves 8 and 9 respectively, for introduction 
into either of the adsorbers O or . These 
vessels contain granular adsorbent material 
which preferably is silica gel. The beds may be 
of any Suitable arrangement but conveniently the 
silica gel is placed in an annular space between 
two perforated cylindrical walls to form the 
bodies of adsorbent denoted by the numerals, 2 
and 3 respectively. The beds of adsorptive ma 
terial 2 and 3 are necessarily designed to ac 
complish the desired degree of adsorption and in 
the present illustration, have a volumetric ca 
pacity of 18.7 cubic feet. This capacity is suffi 
cient to retain approximately 748 pounds of silica 
gel in a mass of such density as to cause only 
about 0.2 pound per square inch pressure drop 
through the adsorber which represents a design 
based on twice the required circulation rate and 
41% of the maximum allowable space velocity 
through the beds. The incoming liquid enters 
the inner Space of beds 2 and 3 and then passes 
more or less horizontally therethrough into an 
outer Space confined by the walls of adsorbers 
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O;and il. In passing through the adsorbent 
at the flow conditions of this operation, the 
oxygen-rich liquid is substantially completely de 
nuded. Of its acetylene content by the tise it is 
Awithdrawn from the adsorbers through eithel 
of the connecting lines 4 or 5, having Valves 
46 and T respectively. It is possible that the 
action by beds, 2 and 3 is not effected by ad 
Sorption but by absorption or by both actions. 
Whenever the term "adsorption' is used herein 
after, it consequently also includes “absorption.' 
At periodic, intervals, which Inay conveniently 

be. Once every 24 hours, it becomes necessary to 
regenerate the adsorbers. Thais, is done - COIm Wen 
iently by closing Valves 8 and -6 or 9 and E, 
depending upon which of the adsorberS Or 
st is undergoing regeneration, opening tine corre 
sponding pair of valves for the other adsorbei 
and opening valve 8 in line 9. When valve 3 
is opened, nitrogen Vapor is taken fron line 2 
and passed through line 9 to heater 3. At this 
point the temperature... of the nitrogen is raised 
to a temperature Suitable for purging a Cetylene 
from the adsorbent material. The heated nitro 
gen Vapor, is then taken from the heater through 
line. 22 and passed by Way of either of the con 
necting lines 23 or 24, valve 25 or 23 respectively 
being open, into. line 6 or for passage through. 
the adsorber undergoing regeneration. The re 
generating vapor commingled With vaporized 
acetylene, leaves either adsorber 3 or by way 
of line 4 or 15 and is purged from the Systeina 
by, either purge line, 27 or 28, valve. 29 or 3 geing 
Open for this purpose. 

After undergoing contact with the Silica, gel 
in the adsorption step, the acetylene-denuded 
liquid is passed to the outside reboiler 3 by Way 
of line 32. For the case in which the product 
is Withdrawn from the rectification in the liaid 
phase, it may be conveniently removed from line 
32 by line 44, valve 45 being opened for this 
purpose. In any event, it is the function of out 
side reboiler 3 to take acetylene-denuded liquid 
passing thereto. in line 32 and to begin and main 
tain a positive circulatory flow by a "so-called' 
thermal siphon action created by Vaporizing that 
portion of the liquid which must be vaporized 
over and above the vapors evolved by reboiler 
4 so as to make the total reboiled VaporS, OP 
Withdrawn liquid product and reboiled Vapol'S, 
equivalent to the liquid downflow. In the present 
operation with a vaporized product, these vapors 
amount to 13,750 pounds per hour and, for Supply 
ing the necessary heat to produce these Vapors, 
valve 33 is actuated to bring 1,351 pounds per 
hour of vaporous nitrogen from the top of the 
high pressure rectification stage through line 28 
to reboiler 3 at a temperature of approximately 
- 280° E. These Warm vapors paSS through the 
Shell side of reboiler 3 on the Outside of tubes 
34, in countercurrent heat exchange relation with 
the acetylene-denuded liquid passing upWardly 
through the tubes, and are condensed thereby. 
Nitrogen condensate leaving the reboiler at a tem 
perature of approximately -281 F. through line 
35 may be combined with additional amounts 
withdrawn from tray 36 through line 3 if Such 
is necessary and then passed to an upper point 
in rectification stage 3 in a nanner not ShoW 
on the drawing. In the event it becomes neces 
sary to employ a larger quantity of nitrogen 
vapors for the above heat transfer heat rela 
tionship, the excess condensate is returned to 
high pressure rectification stage 2 by Way of line 
38, having check valve 39 positioned therein to 
prevent backward-return of any liquid from recti 
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...tion betWeen the liquid and Vapor phases. 

8 
fication stage 2. The vaporous; and unvaporized 
portions of the acetylene-denuded liquid leave 
reboiler 3 at about -290°F. through line 4) 
and are:conducted through this line back.to...the 
low pressure rectification stage 3. Should it be 
conne, necessary or desirable to change the cir 
culation rate through the adsorption System, this 
is done by employing valve 33 as a control valve. 
For instance, the valve may be opened somewhat 
to divert more of the condensing nitrogen to 
outside reboiler-3. The resultant-effect of...this 
diversion would be to increase the Vaporization 
rate in the reboiler thereby establishing an in 
crease of liquid flow through the circulatory 
adsorption System and correspondingly decreas 
ing the vaporizing-effect of inside reboiler 4. 

in the present, illustration, to achieve.a. Suit 
able “thermal flow' of liquid through the circul 
latory adsorption-System, lines. 5. and 32 and the 
connecting lines. 6, -, - 4 - and 5...have been de 
signed so as to create no more than about 0.33 
pound per Square inchi, presSuures dirOps to theinlet 
of reboiler 3 pulS, of Corse, the 0.2. poLundsper 
Square, inch pressure drop through, either of the 
adsorbers. The pressure, drop through the Out 
Side. reboiler 3 has been determined to be of the 
Order of . 0.24 pound per Square inch While line 
is is constructed of Suitable. Cross-sectional area. 
to have a preSSure drop. Of about: 0.22pOund per 
Square inch. The summation of pressure drops 
through, each part of the System determines the 
required driving force-for-actuating the Specified 
circulation rate of the oxygen-rich liquid there 
through. This driving force is created by the 
density difference between the fiulids in reboiler 
3 and the bottom of rectification stage 3 as Well 
aS by the positioning Of OutSide reboiler 3. at a 
level below the average level of the liquid pool 
Surrounding the tubes of reboiler A while also 
taking into consideration the pressure head 
necessary for returning condensed nitrogen to 
the top tray of rectification stage 2. 
The material from line 40 is returned to recti 

fication stage 3 in the vapor space above the 
surface of the liquid around reboiler-4 and be 
low the bottom rectifying tray to efecta separa 

In 
this illustrative procedure, 13,750 pounds per 
hour of vapors are derived by the heating ob 
tained in Outside reboiler 3 and these vapors, 
combined with the 17,000 pounds per hour of 
Vapors derived from the heating effect.of reboiler 
4, provided both the 11,165 pounds per hour of 
oxygen-rich product, withdrawn through line 46, 
and 19,585 pounds per hour vaporous upflow for 
the rectification. Simultaneously, 43,450 pounds 
per hour of acetylene-free liquid likewise are 
derived from line 40 and this liquid once again. 
becomes commingled With the oxygen-rich liquid 
Surrounding the tubes of reboiler 4, and by this 
conninging the acetylene concentration in the 
liquid pool at the base of rectification stage 3 is 
maintained at approximately one part per mil 
lion. 

Alternatively, to the process flow arrangement 
described hereinabove, reboiler 4 may be omitted 
and its function included in the performance of 
outside reboiler 3. Reboiler Amay be removed 
from operation by any means such as filling the 
tubes With inert gas or conveniently by blocking 
off the tubes thereof to the flow of nitrogen 
vapors, as by a movable perforated cover plate 4. 
This plate is retained in position by suitable 
brackets in a manner to permit a desired free 
dom of movement. The plate. contains perfora 
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tions comparable in location and size to the 
location and inside diameter of the tubes of re 
boiler 4. A rod 42 is attached to plate 4 and 
extended through the wall of the rectification 
column being properly bushed to prevent leakage 
around the rod. By means of a hand device 43 
outside the column, rod 42 can be manipulated 
so as to change the position of plate 4 in its re 
taining brackets, enough to entirely block the 
upward flow of vapors into the tubes of reboiler 
4. In this event, the pool of oxygen-rich liquid 
at the bottom of rectification stage 3 becomes a 
reservoir to receive and hold both the liquid 
downfiow of rectification and unVaporized por 
tions of the acetylene denuded liquid from line 
40. The oxygen-rich liquid for circulation 
through the adsorbing and vaporizing steps is 
then withdrawn through line 5 from this reser 
voir. Circulation of the oxygen-rich liquid from 
and to the bottom of rectification stage 3, as be 
fore, must be at such rate as necessary to main 
tain the acetylene concentration therein below 
the main concentration required for Safe oper 
ation. With omission of reboiler 4 all the 
vapors of nitrogen passing to the top of rectifica 
tion stage 2 are taken through line 20 for Con 
densation through outside reboiler 3. The total 
liquid reflux for the high pressure rectification 
step is then returned from reboiler 3 by Way of 
line 38. 
While circulation of the oxygen-rich liquid 

through the circulatory adsorption system has 
been described as being sustained by the "thermal 
flow' conditions provided by the outside reboiler 
3, the same flow conditions may be maintained 
by interchanging the functions of the inside and 
outside reboilers. Figure 2 diagrammatically 
represents a process arrangement wherein the 
positive flow of liquid through the adsorption sys 
tem is provided by a reboiler located within 
rectification columni. According to this process 
ing method, the design of the inside reboiler is 
changed somewhat, for example by a heat ex 
changer 50 for reboiling which is positioned in 
termediately between rectification stages 2 and 3 
but entirely separated therefrom by a bottom 
plate 5 and a top plate 52. All of the nitrogen 
vapors are now withdrawn from the top of recti 
fication stage 2 through line 20 but part of these 
vapors are diverted from line 20 into line 53, 
introduced therethrough into the shell side of 
the tubes 54 of reboiler 50, and are condensed by 
heat exchange relation with oxygen-rich liquid 
passing upwardly within the tubes. The con 
densed nitrogen is then withdrawn from reboiler 
50 and passed to the top tray 36 of rectification 
stage 2 by way of line 55 having check valve 56. 
The other part of the nitrogen vapors passing 
through line 20 are introduced into the shell side 
of the tubes 34 of outside reboiler 3. The 
quantity of vapors flowing through line 53, is con 
trolled by the setting of control valve 33. Within 
reboiler 3 the nitrogen vapors paSS downwardly 
in countercurrent heat exchange With oxygen 
rich liquid rising through the inside of tubes 34 
and are condensed thereby after which the con 
densate is removed through line 35 as heretofore 
described. Any of the nitrogen condensate 
needed for refluxing purposes in rectification 
stage 2 is taken from line 35 through line 38 to the 
uppertray 36. Check valve 39 prevents back-flow 
of liquid through line 38 in the event of pressure 
fluctuations in rectification stage 2. 

Referring now specifically to rectification stage 
3 of Figure 2, oxygen-rich liquid downflowing 
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from the vapor-liquid contacted in this stage, is 
collected on tray 57. This liquid is removed from 
the tray through line. 58. Simultaneously, an 
out-flowing mixture of vapor and liquid from the 
top of reboiler 50 is taken through line 59, having 
check valve 60, and passed into line 58. The com 
mingled streams in this line are introduced into 
the bottom of reboiler. 3, and brought into heat 
exchange relation. With condensing nitrogen 
vapors from line 20 for further vaporization. The 
vapors are removed from the top of reboiler 3 
and returned through line 40 to the vapor space 
below the lower most tray of rectification stage 
3. Product vapors are withdrawn from this space 
through the valved line 6 and the vapors not so 
withdrawn pass upwardly through the several 
rectifying trays of the stage. The product vapors 
alternatively may be withdrawn directly from 
line 40 through the valved line 62. That part 
of the oxygen-rich liquid not vaporized in re 
boiler 3 is removed from the base of the reboiler 
through line 63 to the adsorption stage. There, 
the liquid undergoes adsorption in the manner 
as heretofore described in connection with Figure 
1 after which it is Subsequently caused to flow 
thorugh line 64 into the bottom section of re 
boiler 50 to undergo the necessary heating for 
promoting the positive flow through the adsorp 
tion circuit. When a liquefied product is desired, 
this product may be withdrawn from line 64 by 
valved line 66 and conditions adjusted in the 
Operation of the liquid recirculation to permit 
this withdrawal. In case there is an accumula 
tion of liquid in the bottom of rectification stage 
3, Such liquid may be drained from the stage 
through valved line 65 and added to the liquid. 
foWing through line 64. 

Figure 3 illustrates the application of the 
method of the invention in a rectification zone 
Wherein all of the reboiling for the low pressure 
stage is effected by inside reboiler 4. In this fig 
ure Only the essential parts of the apparatus that 
is necessary for the description has been shown 
as it is understood that rectification tower sepa 
rates air according to the conventional two stage 
operation for Such rectification. Likewise, only 
One absorber Wessel is shown, it being understood 
that this vessel may be taken off stream for re 
generation, and a second one used for adsorption 
in the manner heretofore described. The method 
of purifying the oxygen-rich liquid follows the 
procedure as described in connection with the 
foregoing figures. Line 00, having an expansion 
valve of, connects the bottom of high pressure 
rectification stage 2 with an intermediate point 
of low pressure rectification stage 3 for the pur 
pose of transferring liquefied oxygen-enriched 
air from the former to the latter-mentioned recti 
fication stage. In the present instance, however, 
57,200 pounds per hour of the oxygen-rich liquid 
are recirculated from rectification stage 3 
through line 5 under positive flow conditions 
maintained by pump to adsorber O. Upon its 
paSSage through the bed of adsorbent in absorber 
0 the oxygen-rich liquid is substantially de 
nuded of its acetylene constituent when it is 
passed through line back to rectification stage 
3. The continuous commingling of the liquid 
from line T í with the body of liquid surrounding 
the heat exchange tubes of reboiler 4 maintains 
the acetylene concentration of the liquid body 
at approximately one part per million. The 
present procedure is particularly adaptable for 
separations producing substantially pureliquid 
oxygen as such product may be removed con 
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veniently from line by the valved line 2. A 
vaporous product may be recovered alternatively 
directly from the rectification tower through 
waived line 3. 
While it is a convenient practice to Super-in 

pose rectification stage 3 above stage 2 in a single 
integral vessel, such an arrangement is not a 
necessary requisite for the rectification. The 
modification of the circulatory acetylene ad 
sorption system illustrated by Figure 4 is par 
ticularly suitable in its application to rectifica 
tion stages which perform their function in Sepa 
rate vessels positioned side by side. In this case 
positive circulation of the oxygen-rich liquid be 
tween the bottom of low pressure rectification 
stage 3 and reboiler 74 is maintained by a pump 
78 by way of lines 79 and 80 and the intermediate 
ly disposed adsorbert O. By employing a pump to 
maintain positive flow conditions, the function of 
reboiling for stage 3 may be carried out entirely 
by condensing nitrogen vapors in reboiler 4 at 
the top of the high pressure rectification stage 
2. This permits the convenient return of reflux 
liquid to stage 2 by gravity flow through line T5. 
Condensation of the nitrogen vapors outside the 
tubes in reboiler 74 partially Vaporizes the Oxy 
gen-rich liquid passing upwardly inside the tubes 
after delivery thereto from the low pressure rec 
tification stage 3. The mixture of vapors and 
liquid thus formed in reboiler 4 are passed 
through line 6 into the vapor space below 
the bottom tray of stage 3 which Space Serves in 
the dual capacity of separator and liquid reser 
voir. From this reservoir the Oxygen-rich liquid 
is pumped by pump 78 by way of line 9 through 
adsorber O and then line 86 back into the bot 
tom section of reboiler 74. Lines 9 and 98 con 
nect between tower 2 and tower 3 for transferring 
oxygen-enriched liquefied air and liquefied nitro 
gen respectively from the higher pressure to the 
low pressure rectification stage. Expansion 
valves O2 and 3 are positioned in lines 9 and 
98 respectively to expand the material being 
transferred therethrough from the higher pres 
sure of rectification stage 2 to the lower pressure 
of rectification stage 3. An oxygen-rich liquid 
product may be removed from line 86 through 
the valved line 8, or in the event a vaporous 
product is desired such product may be removed 
directly from the low pressure rectification stage 
3 through valved line 82. 
The aforedescribed applications of the in Wen 

tion has been illustrated by Figures 1 and 2 with 
reference to two stage rectification for a Separa 
tion. It is to be understood that the invention 
is equally as applicable to single stage rectifica 
tion which may be more clearly Understood by 
reference to the diagrammatic proceSS flow air 
rangements illustrated in Figures 5 and 6. For 
example, by now referring to Figure 5, com 
pressed and partially liquefied air is introduced 
by way of line 83 into reboiler 84 wherein it re 
inquishes its heat of condensation and is totally 
in the liquid phase as it flows through line 85 
and is expanded through expansion Valve 86 into 
the top of rectification tower 87 as reflux liquid. 
In tower 87 the liquefied air is rectified into a 
vaporous nitrogen-rich top product Which is 
withdrawn from the tower through line 88 and 
an oxygen-rich liquid bottom product which ac 
cumulates in the base of the tower. The heat 
liberated in reboiler 84 by the final condensation 
of the partially liquefied feed air from line 83 
creates a “thermal siphon' effect and by "ther 
mal flowº causes the circulation of the Oxygen 
rich liquid from the base of tower 8 through 
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12 
line 89, the body of adsorbent in adsorber 9 and 
line 9 into reboiler 84. In this vessel the liquid 
is partially vaporized by the heat exchange with 
the condensing air so that it is a mixture of 
acetylene-denuded vapors and liquid Which are 
returned to tower 8 through line 92. Within the 
tower the vapors are separated from the liquid 
and a portion of them taken as product by way of 
line 93, while the remainder pass upwardly 
through the rectifying steps of the tower in 
vapor-liquid contact with the downflowing reflux 
liquid. The unvaporized material from line 92 
conmingles with the Oxygen-rich liquid at the 
bottom of tower 8 and Subsequently is recircu 
lated through the adsorption circuit. When a 
liquefied oxygen-rich product is desired the bot 
ton product of the rectification may be removed 
by Way of line 94 instead of line 93 and the op 
erating conditions of the air separation plant re 
adjusted to supply the air to inlet line 83 at the 
proper temperature to maintain the described 
flow procedure. 
The process arrangement diagrammatically 

shown by Figure 6 is essentially the same as that 
just described for Figure 5. It differs therefrom 
in that a portion of the partially liquefied feed air 
to rectifying tower 87 is totally liquefied in a bot 
tom section of the tower by heat exchange rela 
tion with the liquid bottom product of rectifica 
tion in reboiler 95. The liquid air thus obtained 
is thereafter taken through line 96 and combined 
with the liquid air passing through line 85 from 
reboiler 34. Optionally, the liquefied air in line 
95 may be separately introduced into the top of 
tower 8; through a separate expansion valve. In 
this arrangement, part of the vapors from the 
oxygen-rich liquid at the base of the tower are 
produced by an inside reboiler 95 and the re 
mainder in the outside reboiler 84 which func 
tions in the manner as described for outside re 
boiler 3 of Figure 1. 
The oxygen-rich product again may be with 

drawn either in the liquid phase through line 94 
or in the vapor phase through line 93, the condi 
tions of operation being suitably adjusted for pro 
ducing either type of product. 
Having thus described my invention, what I 

claim and desire to secure by Letters Patent is: 
1. In the fractionation of air, containing acet 

ylene as an impurity, by liquefaction and recti 
fication at relatively low temperatures, wherein 
Oxygen-rich liquid is continuously added to a 
pool in the bottom of a rectification zone, and 
continuously reboiled from said pool, a method 
for preventing explosions which comprises: con 
tinually circulating a stream of liquid containing 
(dissolved acetylene from said pool through a body 
of acetylene adsorbent material to remove dis 
Solved acetylene, and back to said pool at a rate 
at least equivalent to the amount of liquid va 
porized by the reboiling of said pool, and sufficient 
to maintain the acetylene in said pool at less than 
Saturation, thereby preventing the existence of 
acetylene Crystals in contact with said pool. 

2. In the fractionation of air, containing acet 
ylene as an impurity, by liquefaction and recti 
fication in tWO stages at low temperatures, where 
in Said air is fractionated in a first Stage under 
Substantial pressure into a substantially pure ni 
trogen vapor fraction and a liquid fraction of in 
creased oxygen and acetylene concentration, and 
Wherein Said liquid fraction is fractionated in a 
Second stage under lower pressure into vapor frac 
tions which are rectified in a rectification zone 
above a reboiling pool of liquid oxygen contain 
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ing dissolved acetylene in still higher concentra 
tions than in said first stage, the method of pre 
venting explosions which comprises: continually 
circulating a stream of liquid oxygen, containing 
dissolved acetylene, from said reboiling pool 
through a body of acetylene adsorbent material 
and back to said pool at a rate of liquid flow not 
less than the rate of vaporization from said re 
boiling pool and Sufficient to maintain the acet 
ylene Concentration. Within said reboiling pool 
below, saturation, thereby preventing the exist 
ence of acetylene crystals in contact with said 
pool. 

3. The method in accordance With claim 1 
in which the acetylene adsorbent material com 
prises silica, gel. 

4. In the fractionation of air containing acet 
ylene as an impurity, wherein compressed air is 
rectified in a first rectification stage into an oxy 
gen-enriched liquid fraction and a substantially 
pure nitrogen fraction, wherein the fractions are 
again rectified together under lower pressure in a 
Second rectification stage and a liquid predomi 
nantly oxygen rectification product containing 
dissolved acetylene is passed into a liquid body 
thereof in a lower part of the second rectifica 
tion stage for reboiling by heat supplied by con 
densation of the substantially pure nitrogen frac 
tion of the first rectification stage; the improve 
ment which comprises continuously withdrawing 
portions of said liquid body, passing the with 
drawn portions by gravity flow through silica gel 
to a second body of the liquid predominantly 
oxygen rectification product externally positioned 
With respect to said rectification stages thereby 
adsorbing dissolved acetylene from the with 
drawn portions, reboiling and partially vaporiz 
ing Said Second liquid body by condensing at least 
part of the Substantially pure nitrogen fraction 
to produce an outflowing overhead mixture of va 
pors and liquid from said second liquid body 
Sufficient to establish and mantain the gravity 
flow of the withdrawn portions through the sil 
ica gel, and continuously returning un Vaporized 
portions of the outflowing mixture from said re 
boiled Second liquid body to the first mentioned 
liquid body of the liquid predominantly OXygen 
rectification product and thereby preventing pre 
cipitation of solid particles of acetylene from the 
liquid body of predominantly rectification prod 
luct during the reboiling thereof. 

5. In the fractionation of air, containing acet 
ylene as an impurity, wherein compressed air is 
rectified to produce an oxygen-enriched air frac 
tion and a substantially pure nitrogen fraction, 
wherein the fractions are again rectified together 
under lower pressure with the collection and re 
boiling of a liquid body of oxygen-rich liquid con 
taining dissolved acetylene and the heat for re 
boiling is supplied by condensing Vapors of the 
Substantially pure nitrogen fraction; the im 
provement which comprises continuously passing 
a stream of oxygen-rich liquid from the liquid 
body through acetylene-adsorbent material at a 
rate not less than the rate of collection of OXygen 
rich liquid in Said body whereby the adsorbent 
removes dissolved acetylene from the stream at 
least at the same rate at which acetylene is en 
tering the liquid body, then separately heating 
the purified oxygen-rich liquid of said stream by 
a separate heat exchange with a controlled 
amount of vapors of the substantially pure ni 
trogen fraction and vaporizing enough of the liq 
uid of Said stream to effect by thermal syphon 
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14 
flow passage of the stream of oxygen-rich liquid 
through the adsorbent material at Said rate not 
less than the rate of collection, and thereafter 
returning to said liquid body of oxygen-rich liq 
uid being reboiled an unvaporized portion of the 
oxygen-rich liquid from said separate heat ex 
change in an amount and at an acetylene Con 
Centration sufficient to maintain the acetylene 
concentration in the liquid body below the acet 
ylene Saturation point thereby preventing pre 
cipitation of Solid particles of acetylene from said 
liquid body. 

6. In the fractionation of air, containing acet 
ylene as an impurity, wherein compressed air is 
rectified to produce an oxygen-enriched air frac 
tion and a substantially pure nitrogen fraction, 
wherein the fractions are again rectified together 
in a rectification zone under lower pressure with 
the collection of an oxygen-rich liquid contain 
ing dissolved acetylene; the improvement which 
Comprisese maintaining a body of the oxygen 
rich liquid in said lower pressure rectification 
Zone, continuously passing a stream of oxygen 
rich liquid, containing dissolved acetylene, from 
the liquid body at a rate not less than the rate 
of collection thereof through acetylene-adsorb 
ent material to adsorb dissolved acetylene, pass 
ing the purified stream of oxygen-rich liquid to 
a second liquid body, heating the second liquid 
body of oxygen-rich liquid by heat exchange with 
Vapors of the Substantially pure nitrogen frac 
tion in a heat exchange zone externally posi 
tioned with respect to said lower pressure rec 
tification Zone, vaporizing at least enough of the 
liquid of the second liquid body to carry a mix 
ture of vapors and liquid overhead therefrom 
Sufficient to effect movement and passage by 
thermal Syphon flow of said stream of OXygen 
rich liquid through the adsorbent material at 
Said rate not less than the rate of collection, 
thereafter separating from said mixture an un 
Vaporized portion of oxygen-rich liquid and pass 
ing it to said first-mentioned liquid body of 
oxygen-rich liquid in an amount and at an acet 
ylene concentration sufficient to maintain the 
acetylene concentration in the first-mentioned 
liquid body below the acetylene saturation point 
thereby preventing precipitation of solid particles 
? ???????'lene from Said first-mentioned liquid 

7. In the fractionation of air, containing acet 
ylene as an impurity, wherein COI preSSed air is 
Fectified to produce an oxygen-enriched airfrac. 
tion and a substantially pure nitrogen fraction, 
and wherein the fractions are again rectified to 
gether under lower preSSure With the collection 
9f a liquid body of oxygen-rich liquid contain 
ing dissolved acetylene which body is reboiled by 
heat Supplied from Condensing vapors of the sub 
stantially pure nitrogen fraction to produce a 
VPorous oxygen-rich rectification product and 
Vapors for the last-mentioned rectification; the 
improvement which comprises continuously pass 
ing oxygen-rich liquid from said body through 
an acetylene-selective adsorbent material at a 
rate not less than the rate of said Collection of 
Oxygen-rich liquid from the Second-mentioned 
rectification and sufficient to adsorb at least ??? 
parts of acetyllene per million parts of oxygen 
rich liquid passed, then Separately heating the 
Passed oxygen-rich liquid by a separate het ex 
change with a controlled amount Of Vapors of 
the substantially pure nitrogen fraction 
porizing enough of the last-mentioned reboiling 




