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UNITED STATES PATENT of FICE 
2,664,718 

PROCESS OF AND APPARATUS FOR LOW. 
TEMPERATURE SEPARATION OF AIR 

Philip K. Rice, Kenmore, N. Y., assignor, by 
mesne assignments, to Union Carbide and Car 
bon Corporation, a corporation of New York 

Application October 11, 1949, Serial No. 120,788 
(C. 62-122) 19 Claims. 

This invention relates to an improved process 
and apparatus for the low-temperature separa 
tion of air to produce oxygen and nitrogen prod 
lucts, and more particularly to improvements of 
Such process and apparatus resulting in the 
Simplification of, or elimination of, refrigeration 
producing equipment, and a reduction of the 
time and cost of starting an air separation system. 

In Systems for the low-temperature rectification 
of air, especially those for producing large 
amounts of oxygen, removal of the water vapor 
and carbon dioxide is more economically effected 
by refrigeration than by mechanical means, but 
renoval of the impurities, and particularly car 
bon dioxide, by refrigeration, has necessitated 
the use of expensive heat exchangers provided 
in duplicate or regenerative heat exchangers with 
low initial pressures. If periodically reversed 
regenerators, as proposed by M. Franklin, for 
xample, United States Patent No. 1970,299, are 
engloyed, refrigeration requirements of the proc 
eSS necessitate an expansion with the production 
of external Work and the gas which is expanded 
is Yost conveniently a portion of the air. Since 
partlyr-cooled air would contain carbon dioxide 
and thus interfere with the expansion process, 
it has been proposed to employ air that has been 
cooled to condensation temperature, freed of 
carbon dioxide, and reheated to the desired tem 
perature, for the efficient expansion with external 
Work. Sugh reheating employs large heat ex 
changers that are provided in duplicate because 
the air employed for the reheating contains car 
bon dioxide which is deposited on heat exchanger 
Surfa£es. The duplication permits thawing of a : 
clogged heat exchanger without interruption of 
the operation. An example of such a system is 
shown and described in United States Patent No. 
2,619,810, issued December 2, 1952, to Philip K. 
Rice and Edward F. Yedall. Since Such heat 
exchangers are a large item of equipment, the 
elimination of at least one of them is an im 
portant advantage. 

USUally in such Systerns it is more economical 
to provide equipment for producing refrigeration 
(e. g., expansion engine or turbine and heat ex 
changer) of a Size and refrigeration-producing 
Cagacity large enough only for the desired steady 
rate of Cxygen production. Therefore the start 
ing of Such a systein after a shut-down period 
requires a long initial period of nonproductive 
operation. The practice of installing extra re 
frigeration-producing capacity to shorten the 
starting period adds expensive nonproductive 
equipment. 
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Among the objects of the present invention are 

to provide improved process of and apparatus for 
the low-temperature separation of air which per 
mits operation to continue during a period when 
part of the heat exchange and refrigeration-pro 
ducing devices are shut down for elimination of 
accumulated carbon dioxide; and which Supple 
ments the refrigeration produced by the operating 
refrigeration-producing devices so that quick 
starting of the entire apparatus after a long 
period of shut down can be effected without the 
use of extra mechanical refrigeration capacity. 
Customary air separation plants are efficiently 

operated only at a substantially constant and 
continuous production rate, but there are oc 
casions where the complete oxygen output of a 
plant could economically supply a single large 
consumer, Such as a steel mill, which however 
usually has a demand for oxygen that varies con 
siderably at different times of the day. To pro 
vide such a plant, which is large enough to Supply 
the peak demand, involves not only high envest 
ment costs, but great inefficiencies, if it is at 
tempted to operate the plant at Sub-normal rates; 
or if operated at a continuous full rate, there is 
a serious problem of disposal of excess oxygen. 
By the principles of this invention such problems 
are efficiently solved by providing a plant includ 
ing a low temperature air Separation apparatus 
which is large enough to supply only the normal 
constant oxygen demand, and also a store of 
liquid oxygen with means to vaporize portions 
thereof according to a variable demand in excess 
of the normal. The stored oxygen consumed 
during peak demand periods can be replenished 
during periods of sub-normal demand. Further 
according to the invention, the stored liquid oxy 
gen can be economically shipped to the plant 
from a large central plant because it is then 
practical to entirely eliminate the expense of pro 
viding mechanical refrigeration-producing de 
vices. 

Further objects of the present invention are: 
to provide a process of and apparatus for low 
temperature separation of air by which a normal 
steady oxygen demand is supplied by separation 
of air by low-temperature rectification axnd the 
excess demand peaks are Supplied by Vaporization 
of stored liquid oxygen; to provide an air-sepa 
rating plant in which mechanical neans to pro 
duce refrigeration may be eliminated, the re 
frigeration requirement being supplied by illid 
oxygen; and to provide a simple apparatus by 
which the refrigeration of liquid oxygen which 
is vaporized to supply part of a den and for gases 
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cus oxygen is usefully enployed for the refrigera 
tion requirement, of low-temperature separation 
of enough aii to provide the balance of the de 
in and for gaseous Oxygen, 
These and other objects and advantages of the 

invention. Will become apparent from the follow 
ing description and the accompanying drawings 
showing exemplary enodiments of apparatus 
for Separating gaS mixtures such as air, and in 
cluding in provenents according to the investion. 
in the drawing: 

FigS. , 2, and 3 are Scheinatic views of an ex 
emplary air separating apparatus including ne 
chanical refrigeration-producing means and, ac 
cording to the invention, three embodiments of 
means to Supply refrigeration from a stored body 
of liquid which in Fig. 1 is liquid oxygen, in Fig. 2 
is liquid air, and in Fig. 3 is liquid nitrogen; and 

Fig. 4 is a schematic view of an air separation 
plant without mechanical refrigeration-produc 
ing devices and, according to the invention, in 
cluding heans for Supplying the refrigeration 
from a Stored body of liquefied gas such as liquid 
OXygen. 

In the drawings, similar items of apparatus in 
the several figures are designated by the same 
reference characters. 

Referiring now to the drawings, and particu 
larly to Fig. 1, a means for preparing air for rec 
tification which is intended to be representative 
of heans customarily employed for such pur 
poses, includes at a cotia pressor which prefe'. 
ably compresses the air to be separated to a pres 
Sure below 125 p.s. i. (pounds per Square inch). 
Such air is cooled to substantially its condensa 
tion temperature by passage through alternately 
reversed pairs of regenerators and 2, the pair 
of regeneratoi's being cooled by outflowing 
itrogen product, and the regenerators i 2 being 

cooled by outflowing oxygen product. The air is 
conducted to the Warn ends of the regenerators 
by a conduit, 3 With branches 3 and 5. The 
branches 6 and 5 connect respectively to re 
Versing valves 6 and at the Warm ends re 
Spectively of regenerators and 2. Sets of 
automatic valves 3 and S at the cold ends of 
the regenei'ators and 2 discharge the cooled 
air, which has been freed of moisture and carbon 
dioxide in the regenerators, to branch conduits 

and 2 connecting to conduit 22 that, dis. ; 
charges the air into the lower part of a scrubber 
Separator 23. The Scrubber Separator 23 is a de 
vice for washing the incorning air with liquid air 
to scruh out residual hydrocarbon inpurities and 
any particles of residial carbon dioxide. The 
upper portion of the scrubber separator 23 elimi 
nates entrained liquid particles and provides a 
clean vapor that is conducted by conduit, 25 to 
the lower end of an air-separating rectifying 
column. C. 
The rectifying column C may be of custorinary 

Construction, having a high pressure chamber 25 
closed at its upper end by a condenser 26. The 
condensel 25 operates in the customary mainer 
to condense vapors rising in the chamber 25, pro 
ducing reflux for the chamber, and also produc 
ing liquid nitrogen that is collected on a shelf 27 
directly under part of the condenser 26. The 
liquid nitrogen from the shelf 2 is conducted by 
a conduit 23 to the upper end of a low-pressure 
rectifying chainher 29 which is mounted above 
the chamber 25 and has at its lower end a liquid 
oxygen collecting space 3. that surrounds the 
condenser 26. The rectifying chambers may be 
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4. 
provided with customary gas and liquid contact 
rectifying trays 3. 
In the scrubber 23 the Scrubber iichid that co 

lects impurities flows into a cup 33 from which 
it is discharged through a conduit 34 pi'ovided 
with an expansion valve 3. The conduit. 33 
Conducts the liquid to a set of fiites 33 and the 
cleaned Scrubber liquid is conducted froin the 
filters through a conduit 3 to an intermediate 
portion of the low-pressure rectifying chamber 
29. Liquid that collects in the lower part of the 
high-pressure rectifying chairabel' 25 is conducted 
by a conduit 38 controlled by expansion valve 33 
to the conduit 3 for delivery to the interizediate 
part of the low-pressure chainber 28. The nitro 
gen product of rectification leaves the chainber 3 
through a conduit (ii) which preferabiy deliye's 
the cold gaseous efilent to a heat, e. 
Surrounding a heat exchange coil É2 which is in 
terposed in the conduit 28 for Sti-cooling the 
nitrogen reflux So as to avoid excessive vaporiza 
tion when the reflux is expanded throllgh an 
expansion valve 33 also interpcsed in the constit; 
28. From heat exchanger is a conduit, 33 con 
ducts the effluent nitrogen to a heat, e3?cinange 
coil 45 located in the upper gart of the scrubber 
Separator 23, the purpose of the heat, excha 
coil 5 being to liquefy Sone of the Sciubbed 
to provide Scrubber liquid. Froin coil 35 a coin 
duit is conducts the effluent initrogen to the re 
Versing valve system is at the cold end of the 
regenerators . The Warined nitrogen 23 ves 
the reversing valve system 8 at the War: einil 
of the regenerators through a conduit, 4.. 
The oxygen product of rectification which ooils 

in the space 3 produces Cold gaS80lS 03:ygen 
that is conducted by a condit, 33 cointrolled by 
a valve A3 to a second heat exciiange coil 35 
also in the uppe part of the scrubei claibei 
23 and from coil 33, a conduit conducts the 
profiuct oxygen to the reversing valve Systeii. 
S at the cold end of the regenerators 2. Tha 
OXygen product is delivered froi; the warn end 
Of the regenerators 2 through a condit 52 coin 
troiled by the reversing valves . 
The portions of the system described thus far 

do not provide enough low-temperature refrige 
tion for operating the System, aid therefore 
aeans for producing the necessary refrigerai 
Illust be enployed. Exeingay Yi Sans is pre 
vided by an expansion tuibine 5: which expan?is 
a portion of air from substantially the cora 
preSSion pressure to the pressure of his solar 
29. For such expansion, air free of carbon dioxide 
is preferred to avoid difficulty, so that a porticin 
of the scrubbed ail froin the chainber 23 is e. 
ployed. Such air, however, is already at coin 
densation tenniperature, and it, Yalist be war:Yasi 
to provide efficient production of refrigeration 
by expansion with exterinal work. 
Such warming is preferably effected by a por 

tion of the incoming air in order to avoid loss of 
refrigeration. To this end there is drawn from 
an intermediate part of the regenerators through 
connections 55 controlled by waives S5 an equiva 
lent portion of air which is conducted by a con 
duit 5 to the warn end of a heat, exchange 
passage 5. From the cold end of the passag 
5 a conduit 58 conducts the cooled withdrawn 
portion of air to the lower part of the scrubber 
chamber 23. For use as explained hereinafter, a 
by-pass 59 from conduit 58 to conduit, 53 is pro 
vided and valves 6a, 6a, and S2 are interposed 
respectively in conduits 56, 53, and SS. The air 
to be expanded is taken from chamber 23 through 
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a conduit; 63. that conducts it to the cold end 
'of a heat exchange passage 64 around the pas 
sage .57, and from the warm end of the heat 
exchange passage 64 a conduit 65 conducts the 
air to the inlet of the expansion turbine 54. A 5 a conduit foo controlled by a valve 90'. 
'conduit 6 conducts the expanded air to an in 
termediate part of the chamber 29, 
There is preferably provided a by-pass 6 be 

tween conduit S3 , and condits 65 controlled by 
a valve: 69. The connections of conduits 3 and 
55 with the heat exchange passage 64 are COn 
trolled by valves i? and 2 respectively, and a 
waive 23 is interposed in the conduit 66. Waived 
connections 74 and 75 are disposed at the ends 
-of the heat 'exchange passage 57 for use "When 
thawing the passage of accuinulated carbon 
dioxide. 
...Since only one heat, exchanger 57 is provided, 

"the turbine .54 is shut down when the heat ex 
changer:5 is taken out of Service for thawing. 
Refrigeration for continuing the operation is 
provided, according to Fig. 1, by Supplying liquid 
oxygen to the oxygenboiler space 38. Such liquid 
oxygeniinay be stored in a well-insulated storage 
tank 8 which is surrounded by an insulating 
jacket :8; providing one of the best insulations 
for the purpose, for example, a space filled with 
powder and highly evacuated of gas. The tank 
'80 may be large enough to Supply liquid for a 
period necessary to thaw out the heat exchanger 
5. Alternatively, the tank 89 may be much 
larger for purposes to be described hereinafter. 
The oxygen is fed from tank;8through a con 

duit 82 controlled by a valve 83 and connecting 
to the oxygen boiler space 36. A pipe 84 may also 
be provided connecting the upper parts of the 
space 38 and the tank 88 for equalizing of preg 
sures and transmission of vapors from the tank 
to the space 30. During normal operation the 
tank 3) may be gradually filled by drawing liquid 
oxygen from the space 3) through a conduit 85 
connecting with the tank 8). If the tank 3 is 
imounted at the sane level as the space 3, gravity 
flow could be relied upon for moving the liquid 
into the tank. If the tank 3 is positioned at 

I a... higher level, as indicated in Fig. 1, a liquid 
oxygen pump 86 may be interposed in the coin 
duit.85. Since it ray be desirable to add liquid 
oxygen to the tank 83 from an Outside Source, a 
supply connection 8 may also be provided. The 
tank.8 may also be provided with a suitable liquid 
level indicating device ‘88. All cold conduits...and 
apparatus are protected by heat insulation ac 

a cording to the usual practice. 
The apparatus of Figs. 2 and 3 is sirhilar to 

that of Fig. 1 in respect to the elements desig 
'nated by the same reference characters, but 
differ in the provisions for producing the refrig 
eration requirement from portions of stored 
liquid. Thus in Fig.2 a tank 98 is provided 
for holding an accumulated body of liquid air, 
the liquid air being produced by a condenser 92 
disposed within an auxiliary oxygen boiler cham 
ber $3. The condenser'92 is interposed in the 
scrubbed air conduit 24 and the liquid produced 
by the condenser 92 is conducted in part through 
a conduit '94 to a conduit 95 connected between 
the lower ends of the scrubber 23 and the recti 
fying chamber 25. A branch S6 of conduit 9i 
controlled by a valve 3 feeds liquid air inade 
by the condenser 92 at a very slow rate into the 
tank 3 and when the refrigeration-producing-de 
vice is shut down, liquid air is drained from the 
tank 39 at a controlled rate through a condit 
38 to the conduit 95, the rate being controlled 
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6 
by a valve 99 in conduit 98. The boiler cham 
ber 93 is interposed in the gaseous product Oxy. 
gen conduit 48, and for feeding liquid oxygen 
from the space:30 to the boiler 93 there is provided 

A gaS 
phaSeconnection of between chanbers 3 and 
'93" may also be provided. 

In Fig. 3, a storage tank E2 is positioned to 
receive liquid nitrogen through a conduit (3 from 
the lower part of a condenser 64, the conduit 63 
being controlled by a valve G5. The condenser 
04 is disposed in the auxiliary oxygen boiler 93 

Sirhilar to that of Fig. 2. The condenser is re 
'-ceives.nitrogen from the upper part of the main 
condenser:26 through a connecting conduit iO7. 
Liquid nitrogen produced by condenser 4 in 
"excess of the rate required for filling the tank 62 
during a period of operation is conducted through 
a branch conduit f8 leading from conduit 93 to 
...the transfer conduit 28, and for feeding liquid 
nitrogen into the rectification device when the 
expansion turbine is shut down a conduit 99 is 
connected from the bottom of the tank fe2 and 

Conduits 8 and 9 
and 39' interposed 

'the transfer conduit 28. 
have control valves 98' 
therein. 
The normal operation of the system of Figs. 1, 

2, and 3 is believed clear from the above descrip 
tion. It is pointed out, however, that during nor 
mal operation, with the expansion turbine 54 in 
operation, the amount of refrigeration produced 
by the turbine is to be slightly in excess of that 
required for operating a plant to produce the 
desired amount of oxygen product. The slight 
excess of refrigeration is provided so that the 
liquid which is to be accumulated in the storage 
tanks 89, '90, or 92 can be withdrawn from the 
System at a slow.rate. Thus in the case of Fig. 1 
"the pump S6 operates to draw liquid oxygen at a. 
“very. Slow rate from the oxygen boiler Space 3 
and deposits it in the tank 80. Then when the 
heat eXchanger 5 is to be cut out of Service and 
the turbine 5 is to be shut down, operation of the 
plant and withdrawal from the system may con 
tinue by closing valves 68, , , and 2 and 
opening valve 62 to by-pass the withdrawn air 
directly to the scrubber 23. Substantially all the 
Scrubbed air then enters the lower column 25 
through conduit 24. When it is desired to main 
tain the turbine at operating temperature, a 
Small flow of scrubbed air may be passed from 
conduit 63 by conduit 6 through the turbine to 
the upper column, by cracking valves 63 and 3. 
The heat exchange passage 5 is thawed by pass 
ing Warm dry gas through it by use of the valved 
connections 4 and 15. 
To prevent the lowering of the liquid levels in 

'the rectifying column due to loss of refrigeration, 
liquid oxygen is drawn froin the stored body in 
tank;88 as needed. Such liquid oxygen nay be 
fed to the liquid oxygen collecting space 33 at the 
needed rate regulated by the waive 33. As soon as 
heat exchanger 5 has been cleaned, it may be 
returned to service by opening valves S5, 6, , , 2, 
3 and closing valves 62 and 69. When the tur 

bine:54 is operating properly, the feeding of liquid 
oxygen to the chamber 38 can be stopped by 
closing valve 83 and replenishment of liquefied 
oxygen begun by operation of pump 86. 

If the complete plant is shut down for a period, 
the starting of the plant can be facilitated by 
passing liquid oxygen from tank 38 to the oxygen 
boiler 30 to supplement the refrigeration pro 
duced by the turbine 54. After steady operation 
is attained the liquid oxygen store can be replen 
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ished. Also, if desired, liquid oxygen can be 
shipped to the plant and filled into tank 80 
through the connection 3i. 

In the embodiment of Fig. 2 the liquid air tank 
98 is gradually filled during normal operation 
with valve 9 slightly opened, and when the re 
frigeration turbine is shut down, valve 97 may be 
closed and liquid fed to the system from the tank 
93 by opening control valve 99 sufficiently to 
regulate the feed at the required rate. Obviously 
the liquid air from tank 99 could be fed to the 
scrubber, or preferably, to the lower part of the 
high pressure chamber 25, from which it would 
be transferred with liquid froin said chamber 
through conduit, 38 to the low-pressure rectifying 
chamber 29. 
The enbodiment of Fig. 3 may be operated Sin 

ilarly, except that it is liquid nitrogen that is 
condensed and accumulated at a desired slow rate 
and then during periods of turbine shut down, is 
gradually fed to the upper part of the low-pres 
Sure rectifying column. 

Referring now to the embodiment illustrated 
in Fig. 4, it will be seen that the system lacks a 
specific nechanical refrigeration-producing de 
vice, and the low-temperature refrigeration 
needed for operation is obtained by the evapora 
tion of liquid oxygen which may be shipped to the 
plant. Air is compressed in the compressor 
and passed to nitrogein regenerators through 
a conduit 3 in cooperation with reversing valves 

and the cooled air is conducted froin the re 
generators through the mediurn of reversing 
valves 8 and a conduit 22 conducting it to the 
lower part of the scrubber chamber 23. From 
the top of the scrubber chamber 23 the air is 
conducted by conduit 26 to the lower part of 
the high-pressure rectifying chamber 25. The 
chamber 25 coinshunicates with main condenser 
26 in the lower part 33 of the low-pressure 

rectifying chamber 28 and from a shelf 37 at 
the upper part of chamber 25 the transfer con 
duit 23 conducts liquid nitrogen to the top of the 
column 29. The Scrubber liquid from the over 
flow cup 33 in chainber 23 is conducted by con 
duit 3i and control valve 35 through filters 36 
and through a conduit 3' to an intermediate 
part of the low-pressure colutinia. 29. A transfer 
conduit coaillection 33 conducts liquid from the 
botton of chanber 23 to the transfer conduit 3 
after throtting through a valve 33. Effiuent 
nitrogen flows iron the top of the irectifying 
coluni) through conduit 3 to a heat eXchanger 

in which is heat exchange coil É2 of the 
transfer conduit 23, and fron heat exchanger 

a conduit is aconducts the initiogen to a heat 
exchange coil i3 in the upper part of the cham 
ber 23, the nitrogen being then conducted from 
coii i? through a conduit is to the regenerators 

through the reversing valves 3. The efflu 
ent, nitrogen leaves the System through a con 
duit 3. 

if it is desired to produce an oxygen product 
of, for example, not over 98% purity, a pair of 
oxygen regenerators could be used to recover the 
refrigeration of the preduct, oxygen as, for exam 
ple, shown in Figs. 1 to 3. However, if at least 
part of the oxygen demand is for high-purity 
oxygen such as 99.5% purity, the warming of the 
oxygen product is effected by indirect heat, ex 
change, and to this end there is provided a series 
of heat exchanger's connprising heat exchanger 
passages 5 provided in duplicate for receiving 
a portion of compressed air from conduit 3 
through a conduit 5. From the cold end of the 
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heat exchange passages 50 a conduit 52 con 
ducts the partly-cooled air to another pair of 
heat exchange passages 53 in which the air may 
be partially liquefied. The thus cooled and par 
tially-liquefied air is conducted from the heat 
eXchange paSSages 53 through a conduit 5 to a 
lower part of the scrubber chamber 23. The 
heat exchange's 5-53 are installed in dupli 
cate so that one of a pair can be thawed out while 
the other is on Streann. So as not to interrupt 
operation. The product oxygen to be warmed is 
led by a conduit 55 to the cold end of heat ex 
change passages 5 around passages 53 and 
from the warn end of passages 5 through a 
conduit 58 to the cold end of heat exchange 
passages 59 around passages 53. The Warned 
oxygen is then conducted by a conduit 5 to the 
inlet of an oxygen compressor 3 which delivers 
it through a conduit 62 to a pipeline 63 leading 
to Oxygen-consuming devices. Such as various 
operations in a large Steel mill requiring high 
purity oxygen. 
The refrigeration necessary for continuing 

operation of the plant thus far described is pro 
vided by liquid oxygen which is fed froiin a stor 
age tank is disposed within highly efficient heat, 
insulation : . If this tank is situated at a proper 
elevation with respect to the irectifying column, 
the force of gravity may be relied upon for drain 
ing liquid at a, desired rate from the botton of 
the storage tank is through a conduit 2 to the 
Oxygen boiling chainber 33. Alternatively the 
liquid oxygen in the tank may be stored there 
in under a pressure slightly higher than the pres 
sure existing in the low-pressure rectifying chain 
ber 29, in which case the oxygen feed may be 
forced by pressure difference to flow from the 
tank E 3 to the chamber 3. As another alter 
native, illustrated herein, a liquid oxygen pump 
3 may be interposed in the conduit 2 so that 

the tank is may be at a low level and operated 
under atmospheric preSSure, the liquid feed being 
forced by the pump from the tank into the 
chamber 33. In any event, a control valve is 
is interposed in the conduit i2. The tank is 
Inay be filled from tine to time through a filling 
connection 5, and vapors produced by heat leak 
to the stored liquid may be transferred from the 
upper part of the tank E through a conduit is 
to the Suction side of the oxygen compressor G. 
When the pipe line demand is variable, the 

plant is economically constructed and operated 
to produce oxygen corresponding to the low con 
Stant demand rate, and for supplying the excess 
peaks of demand there is conveniently provided 
a vaporizer 3 interposed in a conduit E3 con 
nected between the discharge side of a, putap 33 
and the pipe line 63. The Suction side of the 
pump 8 is connected by a valved conduit 3 
With the bottom of the storage tank 2. If a 
quantity of lower-purity (for example, 95%) 
Oxygen is also required, such purity oxygen can 
conveniently be provided and supplied to a pipe 
line 82 by admixing a portion of compressed air 
With a portion of the high-purity oxygen de 
livered through the conduit 89, the connections 
for Such purpose being controlled by valves : 83 
and 84 respectively. 
In the operation of the plant it may be de. 

Sirable to have the air supplied through the heat, 
exchangers 50 and 53 at a slightly higher pres 
Sure than that which is supplied through the re 
generators and therefore there may be in 
terposed in the conduit 5 a booster compres 
Sor 85. 
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In the Operation of the embodiment of Fig. 4, 
all the oxygen shipped to the plant in liquid form 
and periodically filled into the tank is used 
to furnish gaseous oxygen to the consumer pipe 
lines. A larger armount of oxygen, however, can 
be produced by operation of the air separation 
plant than the amount of oxygen produced by 
Vaporizing the liquid oxygen fed to the chamber 
f3 from tank . . At the same time the re 
frigeration of the liquid oxygen fed to the chain 
ber 30 is usefully employed. It is seen there 
fore that the system economically supplies a 
large amount of gaseous oxygen at or close to 
the place of consumption while requiring the 
shipment of only moderate amounts of liquid 
Oxygen from a distant liquid oxygen plant. The 
investment expense as Well as the Iaintenance 
expense of a refrigeration turbine and large heat 
exchanger are likewise saved. The System is ca 
pable of Supplying a variable demand with a 
low investment and operating expense. 

It Will be understood that changes in the 
details of the Systems disclosed herein may be 
made Without departing from the principles of 
the invention. A continuation-in-part of this 
application is application Serial No. 344,43, 
filed March 24, 1953. 
What is claimed is: 
1. In a proceSS for the low-temperature sep 

aration of air by rectification in which air freed 
of moisture and carbon dioxide is at least partly 
liquefied and the gaseous and liquefied portions 
are rectified to Separate oxygen and nitrogen 
products, which products are used to cool fur 
ther portions of ail, Supplying the entire low 
temperature refrigeration requirement for SUch 
process which exceeds that regained from the 
Warming of Said Oxygen and nitrogen rich prod 
lucts during at east, a Substantial period of con 
tinto as operatic lay providing a body of liq 
luid having a composition. Siiilar to One of the 
liquids involved in the air Separation proceSS; 
holding Such body of liquid at low temperature 
and separate from the liquids present in the 
Separation process; and, during Said period of 
continuous operation, continuously feeding por 
tions of said body of liquid to the rectification 
where the liquid composition is similar to that 
of the body of liquid, and at a rate Sufficient 
to supply said entire low-temperature refrigera 
tion requirement, the gas products resulting from 
the liquid fed to the rectification from Said body 
Supplementing said oxygen and nitrogen rich 
products in cooling the further portions of ail'. 

2. A process according to claim 1 in which 
said liquid comprises mainly liquid air. 

3. A process according to claim 1 in which 
said liquid comprises mainly liquid oxygen. 

4. A process according to claim 1 in which 
said liquid comprises mainly liquid nitrogen. 

5. In a process for the low-temperature sep 
aration of air by rectification in which air freed 
of moisture and carbon dioxide is at least partly 
liquefied and the gaseous and liquefied portions 
are rectified to separate oxygen and nitrogen 
products, which products are used to cool fur 
ther portions of air, the steps of providing a 
body of liquid rade fron air; holding Said 
body of liquid at low temperature and sepa 
rate from the liquids involved in the rectifica 
tion; stopping the infilow of air and the recti 
fying operation for a desired shut-down period 
while conserving said body of liquid; and con 
currently with the resumption of Said operation 
after such shut-down period, utilizing the re 
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10 
frigeration of Said stored liquid to facilitate the 
Starting. 

6. A process according to claim 5 in which 
Said liquid comprises liquid air. 

7. A proceSS according to clair 5 in which 
Said liquid comprises liquid oxygen. 

8. A proceSS according to claim 5 in which 
Said liquid comprises liquid nitrogen. 

9. In a proceSS for the low-temperature Sep 
aration of air by rectification in whic: air freed 
Of moisture and carbon dioxide is at least partly 
liquefied and the gaseous and liquefied portions 
are rectified to Separate oxygen and nitrogen 
productS, which products are used to cool fur 
ther portions of air, the steps of producing re 
frigeration required for the normal operation 
of the process by expansion with production 
of external work of a portion of the air; ac 
cumulating gradually a store of a liquid produced 
from air during Such normal operation; stopping 
for a desired period the production of refrig 
eration by external work; and during said stop 
page, continuing the operation of air separa 
tion by utilizing the refrigeration of said stored 
liquid in lieu of that normally produced by the 
WOrk expansion. 

10. A process according to claim 9 in which 
Said liquid comprises liquid air. 

11. A process according to claim 9 in which 
Said liquid comprises liquid oxygen. 

12. A process according to ciaim 9 in which 
Said liquid comprises liquid nitrogen. 

13. In a process for separation of air by low 
temperature rectification in which a main stream 
of air under pressure is freed of moisture and 
carbon dioxide, cooled to condensation tempera 
ture, Subjected to at least partial liquefaction 
and then rectified to produce oxygen and nitro 
gen-rich products, and in which a second stream 
of air freed of moisture and cooled to a higher 
temperature such that it contains carbon dioxide, 
is further cooled by heat exchange with a pOI 
tion of the main stream whereby carbon dioxide 
is deposited during such heat exchange and in 
which said portion of the main stream after being 
Warned by the heat exchange is expanded with 
production of external work to produce refrig 
eration for the normal operation of the proc 
ess, the steps of providing a body of liquid made 
from air and having a composition equivalent to 
One of the liquids present in the rectification; 
discontinuing the said work expansion and the 
Said heat exchange for a period of time sufficient 
to remove deposited carbon dioxide by thawing 
While by-passing said portion of the main Stream 
to the rectification; and during such period of 
time, Supplying liquid from the body of liquid 
to the rectification at a zone of equivalent con 
position at a rate to compensate the lack of re 
frigeration during the Suspension of work expan 
S10. 

14. In a process for the low-temperature Sepa, 
ration of air by rectification in which air fireed of 
moisture and carbon dioxide is at least; partly 
liquefied and the gaseous and liquefied portions 
are rectified to separate oxygen and nitrogen 
products, which products are used to cool further 
portions of air, the steps of providing a storage 
body of liquid oxygen; holding said body of liquid 
Oxygen separate from the liquids involved in the 
rectification during continuous rectifying opera 
tion, utilizing portions of said body of liquid oxy 
gen to produce refrigeration for the rectification 
at a. rate Sufficient to provide the refrigeration 
requirements of the air separation in eXcess of 
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that regained by the cooling of the air by the 
products; and delivering the oxygen product of 
the air separation and the oxygen product cor 
responding to the liquid fed from said body to 
consuming means. 

15. Apparatus for the low-temperature sepa 
ration of air by rectification in a rectifying col 
umn having an oxygen-rich liquid reboiler, which 
apparatus includes means for partly liquefying 
the air fed to the column, means for expanding a 
portion of air with the production of external 
work, a heat exchanger for regulating the tem 
perature of the portion of air to be expanded, 
and means for by-passing said heat exchanger 
and said expansion means; an insulated con 
tainer for holding a liquid made from air; means 
for feeding liquid from said container to said 
column; and means for regulating said feed dur 
ing a period when said heat eXchanger and ex 
pansion means are by-passed. 

16. Apparatus according to claim 15 in which 
said liquid is liquid air and Said feeding means 
connects with an intermediate part of the recti 
fying column. 
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17. Apparatus according to claim 15 in which 

said liquid is OXygen and said feeding means con 
nects with the Oxygen-rich liquid reboiler. 

18. Apparatus according to claim 15 in which 
Said liquid is nitrogen and said feeding means 
connects With the upper end of said rectifying 
column. 

19. Apparatus according to claim 15, which in 
cludes means for feeding a liquid made from the 
air in the System slowly into said container dur 
ing operation of said expansion means. 

PHILIP K. RICE, 
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