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1 
This inyention relates to a method and ap 

paratus for pumping liquefied gaSesfromagas 
separation Operation. 
- This application is a Continuation-in-part:0f 
my copending applications Serial No.488,650, 
filed May27,1943,iSSuing as Patent No.2,480093 
and Serial No.605,407,filed July 16,1945;issuing 
as Patent No.2,480,094. 
An important object of the,invention is to 

provide a method and means for pumpiag a 
liquefied gas product from a fractionating 
operation utilizing colder fuids from the frac? 
tionating operation to prevent gas lock inthe 
pumping step, - - - 

Anotherimportant object of theinventionis 
to provide a method and meansforpumpinga 

-·?? stream of1iquefiedgas product of a faetionating 
operation utilizinga cold liquid fromthe frac 
tionating Operationto Cool the pump. 
A further important object.of the invention is 

to provide a method and means for pumping 
1iquefed oxygen directly from a pool ofcom 
mercially pure oxygen in a fraCtionating tower 
to cylinders or pipe1ines in which a cold gas is 
utized to subcool the liquefied oxygen on the 
way to the pumping step and a relatively cold 
1iquid from the fractionating operation is Used 
to C00l the pump. 
A further important object of the invention is 

to provide a method and means,for pumping 
natural gas in liguid phase from a fraCtionating 
System Wherein it has been Separated,from itS 
nitrogen Content to Cylinders or pipe lineS in 
which it is transported under a high pressure, 
thereby aVoiding the necessity for a gaSeous 
CompreSSing System. 
While the invention is applicable to the 

handling of all liquefied gases(liquids having a 
boing point so much below atmospheric tem 
peraturethat heat1eakinginto insulatedappara 
tus is likely to produce dificulties in pumping), 
it is found most useful in connection with the pumping of liquid oxygen because of the verylow 
atmospheric pressure boiling point of this iquid. 
The invention will,therefore,be describedin con 
?1ection with the manipulation of oxygen,it being? 
Underst00d that such deSCription i8 illustrative 
and not limiting. 

If the oxygen product obtained in air frac 
tionation Were t0 be TeCOVered as a gaSat atm08 
pheric temperature and preSSUre,it would merely 
be conducted ingaseous form to aninterchanger, 
the pressure in the column being Suficient to 
discharge the gaseous product against frictional 
resistance and atmoSpheric pressure. It is,how 
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2 
ever,very desirable inmanycasesto conduct the 
oxygen product directly to the cylinder or pipe 
1inesinwhichitistransported asa compressed 
gaS; at preSSure8 ranging up to 2500 or more 
pounds persquareinch Although it is Common 
practice to bringthegaseous oxygento substan-? 
tiallyatmospheric temperature and pressure and 
to thereafter compressit,itis desirable to pump 
it asa iquid and tovaporize it while subjected 
to theraised pressure,grior to entering?he pipe 
ine or storagevessel., - 
Anadvantageinpumpingtheoxygen in liquid 

?haseiesinthe aVoidance of use of the aqueous 1Ubricants requiredin Compressing oxygen,these 
iubricants introducing water vapor which must 
berremoved-by chemical drying and adsorption 
to obtain dry oxygen-in the transport cylinders 
orpipeline, - - 

The stepof pumpingliquid oxygen has proven 
in pragtice to be one of great dificulty The 
iquid is,in thenature of the case,at its boiling 
point at the existingpressure Fromthis,it fol 
1ows that any reduction in pressure,such as is 
oecasionedbyfuidfriction inthe pump suction, 
or any_increase inenthalpy dueto Ieakage into 
thepump body or to frictional.heat transmitted 
into theliquid,wileause the evolution_of_gas 
which 10gks the suction and puts the pumpóut 
ofcommission.A further cause of vapor1ock is 
bagk leakage through the discharge valve,the 
high pressureleakage liquid partialy fashing to 
thegaseousstate., - 
I havesolvedthis problem bytwo stepswhich 

are preferably used together but may be used 
individualy The first isto utize a smail por 
tion of thecooling efect available in a colder 
fuid from the fragtionating operation for cool 
ing thestream of liquidoxygen,on its way to 
thepump,to a temperature below that corre spondingtoitsboilingpointatthepressureexist 
ing in-the pump cylinder during the suction 
stroke:The Secondis to utilize a portion of the 
refrigerating value of a,cold,1iquid from the 
fractionating operation in cooling the pump 
Cyinder fn the attached drawings,the inven 
tionisillustrated schematicaly in two modifica 
tions,to Wit: - - - - 

F?ureliustrates a forminwhich oxygen in 
theiquid state is pumped from the pure oxygen 
p0ol Of a single fractionating column and the 
stream is cooled belowits boing point at the 
presSureexisting in the pump cylinder during 
the:Suetion stroke by heat exchangeragainst 
gaseous product nitrogen from the top-of,the 
Column,and in whichthe pump cylinderiscooled 
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by heat exchange against the liquefied air feed 
Stream. 

Figure 2 illustrates a form in which oxygen is 
Withdrawn in the liquid state from the pure oxy? 
gen p001 in the base of the lower preSSure seC 
tion of a double fractionating column and is 
Cooled below its boiling point at the preSSure eX? 
isting in the pump cylinder during the Suction 
stroke by heat exchange against gase0us produc? 
nitrogen from the low pressure stage of the col? 
umn,and in which the pump Cylinder is Cooled 
by heat interchange with expanded crude oxygen 
in its passage from the high pressure to the lOW 
preSSure Stage 0f the COlumn. 
The fractionating equipment illustrated is C0n? 

ventionai,and any preferredform of either Singie 
or double fractionating Column may be used. 

Referring to the drawings,the System shown 
in Fig,1 includes a heat interchanger A having 
two banks of tubes 11, and 12,12 Within an 
outershel113to provide three passagewaysthere? 
through in heat exchange relationship With 0ne 
another. A Single stage fractionating column B 
is provided with a plurality of bubbling plates f4 
and a,boiling coil 15 in the base there0f,C0m 
pressed air enters the interchanger A thrOUgh 
feed pipe 16,passes through tubes f1,11 and 
then through conduit 1T to the boiling Coil f5 
Submerged in a pool of boiling oxygen 18 in the 
base of the column. The feed air is liquefied 
therein by giying up heat to the boiling liquid 
in the pool ?8. The liquefied stream flOWS 
through conduit 19 and eXpansion Valve 20 
wherein it is eXpanded to the preSSure existing 
in the fractionating Column B. The eXpanded 
liquid airstreamthen flowsto the coil2 Wrapped 
in heat eXChange relationship around the Cylin? 
der of the pump C. In flowing through the Coil 
21,the 1iquid air stream prevents rise in tem 
perature of the liquid in the pump t0 a point at 
Which vapor Would be evolved in the cylinder 
and tends to maintain the lOW temperature im? 
parted to the liquid in a prior SubC00ling Step to 
Pe deSCribed. From the Coil 21,the air flOWS 
through conduit 22 to the top of the column. 
In place of the coi121,a cooling jacket could be 
.used for conducting the liquefied feed air stream 
in heat eXChange With the pump Cylinder. 
Flowing downWardly through the Column,the 

feed air is fractionated in the Well-KnOWn man" 
ner into a pure liquid OXygen product Collecting 
in the p00118 at the base of the Column and int0 
an impure gaseous nitrogen leaving the top of 
the column through conduit 23. Conduit 23 
ConductS the nitrogen product from the top of 
the column to a passageway through a heat in? 
terchanger 24 Which Surrounds a coil therein. 
Conduit 26 COnducts the nitrogen from this paS? 
sageway to the Shell of interchanger A from 
Whence it is vented through Conduit 2T. In 
flowing through the passageway of interchanger 
24,the gaseous nitrogen stream is in heat eX? 
change relation with coi125. 
The pure oxygen Collecting in the pool 18,by 

nature of the operation at its boiling point,is 
removed from the columnin liquid form through 
gOnduit 28 and flows through coil 25 Of heat in 
terchanger 24,Coil 25,as previously deSCribed, 
is in heat exchange relation With the gaseOUS 
nitrogen floWing in the Space Surrounding it,and 
the liquid Oxygen fiOWing through the Coil 25 
is Cooled therein to a temperature Suficiently be 
10W its b0iling point So that there Will be Sub 
stantially no flashing of the oxygen into Vap0r 
under the pressures enCountered in the Subse 
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4 
quent pumping operation. Thesubcooledstream 
Of OXygen fioWS through conduit 28 to the oxygen 
?ump C. 
The Oxygen pump indicated generally by the 

1etter C may be any pump capable of handing 
1iquids at high pressures but is here illustrated 
aS a Single acting plunger pump having a suction 
Valve 35,a discharge Valve 31,a cylinder 32,a 
plunger33,a rod34,a cross head 35,a connecting 
rod36,a Crank 3T,a drivengear 38,a drivingworm 
gear 39 and an actuating motor ?ü. The sub 
C00led stream of oxygen flows through Conduit 
29 and suction valve 30 into the pump cylinder 
on the upstroke of the plunger33. On the down 
Stroke,the liquid passes through discharge valve 
31 and conduit 41 to the interchanger 10 flow 
ing through the tubes 12 in which the stream 
is brought to atmospheric temperature and gas 
e0us Condition. The gas is dischargedat any de 
Sired preSSure thrOugh C0nduit 42. If desired, 
the stream in conduit 44 could be directed to a 
Storage vessel in the liquid condition but usually 
it Will be passed through the interchanger i} 
and delivered by COnduit 42 to preSSure cylinders 
43 0r other preSSure veSSels or to pipe lines in 
Which it is transported under pressure. 
By the use of this cooling cycle,a properiy 

designed and insulated pump may be caused to 
Operate at full Stroke capacity for extended pe 
riods and Without any risk whatever ofgas1ock 
ing. The refrigerative value 1ost bythe nitrogen 
in Cooling the liquid oxygen is 1argely recovered 
in the evaporation of the oxygen in the inter 
changer. The heat absorbed by the liquefied 
feed air from the pump,which is due mainly to 
heat leakage from the atmospheric and packing 
friction,Causes a Smal loss of refrigerating ef 
fect Which may be compensated by a correspond 
ingly Slight increase in air feed pressure. 
in the form of the invention shown in Figure 

2,heatinterchanger Aisprovided with two banks 
Of tubeS ?,?? and ?5,45 within an outer shell 
?3 to provide three passageways therethrough 
in heat exchange relationship. The fragtionat 
ing Column,indicated generaly by reference 
Character B,Consists of a high pressure section 
4í and a low preSSure Section ?8,each supplied 
With a Stack of bubbling plates ?9 separated by 
a partition 5? Which includes the conyentional 
dOWnwardly draining condenser 54,the con 
densate from Which drainsinto the highpressure 
Section of the Column 47. Compressedairenterg 
the interchanger A through feed pipe 52, ?aSS3S 
thrOugh tubes ?4,44 and then through conduit 
53 to boiling Coi 54 submerged in a pool of boi 
ing Crude oxygen ?5inthe base of the high pres 
Sure Section. The air flows from the coi 54 
through conduit 56 and expansion valve 57 into 
the high pressure Section of the column at a 
*ledial height Inthis Section of the coiumn,the 
feed air is fractionated into a Substantialy pure 
gaSeOUS nitrogen rising into the condenser 51 
whichis immersed ina pool of boing pure Oxy 
gen 58 Collecting in the base of the 1ow greSSure 
Section of the Column. As the upper seption of 
the Columnis maintained at a materialiy1ower 
prSS8ure than the lower Section,the condenser 
aCts BS a reboiler for the pure oxyger sur 
rounding i,As a result,the nitrogen rich g&8 
rising in the Condenser is liquefied, part faling 
into the pool 59 and part faling onto the tOp 
plate of the lower Section 47 whereit actsas re 
fux for the lower Section,Liquefied nitrogen 
from pool 59 is transferred through condui $5 
and expansion Valve 61 to the top of the upper 



Section in_whigh itacts as reflux,The crude 
oxygen product formedinthe high pressuresec 
tion ofthe column colectsinthe pool55in the 
base of the column, - 
As Shown in this form of the invention,the 

Crude oxygen Coilecting in the p001-5? may-be 
Utilized after eXpansion to Cool,?he,Cylinder?Of 
the pump C before passing to the lower pressure, 
section of the column,This is accompished by 
withdrawing the crude oxygen through conduit, 
62 and passing it through interchanger 63,to be 
described hereinafter,and conduit 65to-expan 
sion valve $6 andthencethrough thecooling-coil 
6í Surrounding the oxygen pump C. From the 
cooling coil 6?,which hasthesame purposesand 
functions as coil 21·in Fig.-1,the Crude oxygen 
fiOWS through Conduit 68-into-the 10V-preSSure 
Section of the columnat a medial heighttherein. 
The high pressure nitrogen stream and the 

high preSSure oxygen S?ream-fiowing into?the 
low preSSure Section of the coiumn?are frac 
tionated in the Weli-Known manner-to Substan 
tialy pure Oxygen and a Slightly impure nitrogen 
product. The nitrogen product ingaseous form 
is withdraWh through conduit 69.a?thetop of the 
lOW preSSure Section of the column and is con 
ducted to a paSSagewaythrough theinterchanger 
?5 Surrounding a Coil 1 therein whereit passes 
in hea?eXChange relation With the coil ??.?From 
the interChanger ?3,the gaseous nitrogen fows 
?hrough the sheliof interchanger 63 wherein it 
Cools the Crude oxygen produgö,on.its way to 
the pUmp Cooling coil. From he,shell of the 
ihterChanger 63,the gaseous nitrogen fows 
through Conduit 73 to the sheil of the inter 
Changer ?3 Where it gives up the remainder-of 
its cold to the feed air,1eaving the interchanger 
#? through conduit 5. The pure oxygen prod 
uct formed in the low pressure Section of the 
C01umn CollectS in the pool ?8 at the lower end 
thereOf and is removed in liquid form through, 
COnduit ?5 and paSSes through the coil ? in in 
terChanger f6 Wherein it is SubCooled by heat in 
terChange With the gaSeous nitrogen stream 
fiOWing in the Space Surrounding the Coil ?! in 
the interChanger f?. The liquid oxygen fowing 
through the coil ? is thus Cooled to a tempera-- 
ture Suficiently loW SO-that there Wil be sub 
Stantialy n0 flaShing of theoxygen into vapor 
during.the Subsequent pumping-operation. 
FrOa the interchanger ?,the pure oxygen… 

BrOduCt foWs through Conduit 6 to the suction 
valve ? of the liquid oxygen pump C wherein 
the Stream is pumped to the desired pressure. 
The Oxygen pump C maybe any pump capable of 
handling a liquid at high pressure but is here 
ilustrated as a single acting plunger pump hay 
ing a Suction Valve f?,a discharge valve 78,a 
Cyinder ?3,a plunger 8?,a rod 81,a crosshead 
82,a Connecting rod 83,a Crank8?,a drivengear 
85,a driving Worm gear 86 and an actuating mo 
tOr 87. The SubCooled stream of oxygen fows 
through Conduit 76 and suction valve ? into the 
pUmp Cylinder on the Upstroke Of the plunger 
8ü. During its fiOW into and from the pump 
cyinder,thestream ofliquid oxygenisprevented 
from rising in temperature to a point at Which 
vapor Would evolve under the conditions-present, 
by the liquid f?OWing through the COi??6? Sur? 
rounding the pump cylinder,as?previously de 
SCribed with respect to coil 2?. Cn the down? 
Stroke of the pump plunger,the,iquid oxygen 
passes through the discharge valve 73 and fows 
through Conduit 9?to thetubes ?5,45 of inter 
Changer Ain Which.hestream-is broughtto at 
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6. 
mospherig temperature·and gaseOUS Condition 
andis dischargedatanydesired pressure through? 
conduit,91.,If desired,the stream in Conduit 96 
may be directed to a storage vessel or pipe line 
in liquid condition, but usually it will be passed 
through the interChanger and delivered by Con? 
duit,91 tothe preSSure Cylinder892 Or Other preS? 
Sure WeSSels 0r to pipe lines in Which ió istrans 
ported under preSSure in a gaseou8 State,Here 
again,the refrigerativevalue lost bythe nitrogen, 
in-cooling the liquid oxygen is largely recovered 
in-the evap0ration of the 0xygen in the inter 
Changer A, The heat absorbed bythe Crude oxy 
gen in Cooing the pump cylinder,due mainly to. 
packingfriction and infiltration from the atmos 
phere,CauSes a Smal 10S8 0f refrigerating efect 
Which may be Compensated by corresponding? 
adjustments in the air feed preSSure. 
Heat interchanger 63 through Which product 

mitrogen paSSes on its Way to the main inter 
Changer A SubCools the crude oxygen on its Way 
from the high preSSure stage to the low pressure 
Stage. The USe.of Such an interchanger is con 
Ventional,its purpose being to Subcool the Crude 
0xygen S0 88 t0,reduce 3S far aS p0SSible the 
am0unt 0f flashing taking place When the Crude 
OXygenis expanded,Thisinterchanger $3 can be 
Omitted from applicant's Cycle without dele… 
teriousiyafecting the pump cooing operation. 
The Cycles disclosed in the present application 

and in the applications of which the present ap 
plication is a Continuation-in-part can be utilized 
in handling any mixture of low boing point 
gaSeS Where thereis a tendency for Vapor 10ck in 
the pump. An especialy useful application of 
these Cycles is in the treatment of natura1gasto 
remove liquefied petroleum gas fractionssuch as 
ethane,propane,butane,etc.,normally referred 
to as L. P. G. Even so-called dry natural gas, 
When Subjected to a refrigeration cycle and 
fractionation,Will produce appreciable quanti 
ties of L. P.G. Natural gas is also treated by 
refrigeration and fractionation to remove nitro 
gen. The nitrogen in natural gas is a diluent 
Which raises the Cost of transporting the gas in 
pipe lineS. Tn either case,the natural gas is 
taken from the Well for treatment,either at the 
formation preSSure,when it is high enough or, 
if not,the gasis subjected to compreession. The 
gaS under COmpreSSiOn is cooled and expanded 
and the efuent Subjected to fractionation to re 
move the nitrogen as overhead in one case and, 
to remove the L,P. G. as bottom product in the 
Other CaSe. 
The Cycle of the present invention is readily 

adaptable to the foregoing treatment of natural 
Natural gas under formation pressure or 

from CompreSSors enters the System through 16, 
is COOled in heat interChanger A and passes,as 
has beendescribedinthe case of the air,through 
the remainder of the System,The bottom prod 
uCt C0rreSpOndingto the pure oxygen istaken of 
in liquid form and-its pressure raised to the de 
Sired Storage or transportation pressure by 
pumping it in pump C in liquid phase. In the 
Case where the bottomsare natural gas,with or 
without L. P. G. as constituents,the pressure on 
the liquid product is raised in pump C to above 
pipe line preSSure which in some instances may 
be as high Or higher than 1000pounds per square 
inch. The liquid under this pressure passes from 
pump C through heat interchanger A,giving up 
its Cold to the incoming naturalgasand nitrogen 
and.at the Same time being vaporized. 

Utilization of-the-presentsystem for handling? 
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natural gas results in great Savings in compres 
sor equipment where the pressute in the frac 
tionating Operation is appreciably below the pip6 
line pressure. 
Where the recovery of L. P. G,from natural 

gaS is to be efected utilizing the present inven 
tion,the C00ling 0f the naturalgaS,under forma? 
tion preSSure or from compreSSOrs,results in the 
formation of a liquefied fraption containing the 
?. P. G. BS COrnpOnentS. 
L. P. G. are separated asfinal liquid product C0r? 
respondingto the oxygen in the air fractionating 
System,3nd this iquid product is pumped t0 
stOrage in the iquid phase in pump C. Asin the 
treatment of air,fuids from the fractionator 
COlder than the liquid product being pumped are 
USed to preyent Vap0r iock of the pump. 
? claim: 
i. In C0mbination With a fractionating appa? 

ratus f0r Separating a mixtüre of iOW boing 
point gases,a pump 3Gapted to handle liquids, 
a Conduit Connecting the suction of the pump 
With & relatiVely Warm iquid prOduct Collecting 
Space in the apparatus,a heat interChanger in? 
terp0Sed in the COnduit,?neans for COnducting a 
Strea?a Of a Teatively Cold füid from the appa? 
ratus thrGugh the interChanger in heat eXchange 
reation with ?he rei&tively Warin iquid groduct 
for forming a Subc00?ed liquid prOduct fowing 
tCWard the pump,heat transfer means aSSOCi 
ated With the liquid-30nveying end Of the pump, 
means for passing a SeCond feiatively Cold fiuid 
in liquid form from the apparatus through the 
said he3? transfer means,and means for CCn? 
ducting Second relatively Cold fuid froin the 
heat transfer means to the apparatuS. 
2,In Combination With an apparatus pr0duC… 

ing liquid oxygen product and a gaSeous nitro 
gen-rich prOduct,a liquid OXygen pump,meanS 
for bringing a Stream of fuid from the liquid 
0xygen product frOm the apparatus int0 heat 
interChange relation With a fluid from the appa 
ratus colder than the oxygen and thereby cool 
ing the oxygen Stream,means for Conveying the 
cooled oxygen stream to the pump,means for 
producing heat interchange betWeen he pump 
and a Second relatively Cold fluid in liquid form 
from the apparatus,and means for returning 
Second relatively COld fiuid frOm the heat inter 
change With the pump tO the apparatuS. 

3. In combination With a fractionating Column 
wherein a compreSSed and Cooled mixture Of low 
Boiling gaSes is fractionated thereby producing 
a liquid higher boiling fraction aS a product,a 
Dump adapted to the pumping Of liquids,a COn 
duit Connecting the pump With the liquid higher 
boiling fraction Collecting Space in the column, 
heat transfer means in heat transfer relation 
with the liquid-COnveying end Of the pump, 
meaas for paSSing a fuid COlder than the liquid 
higher boijing fr3?tion in liquid form from the 
Column through the Said heat transfer means, 
and means for returning last-named liquid from 
the hea?transfer means tO the COlumn, 

4. In combination With a fraetionating column 
wherein a C0mpreSSed and C00led mixture Of low 
boing gaSe8 is fraCtionated thereby producing 
a liquid higher boiling fraction as a product,a 
pump adapted to the pumping Of liquids,a Con 
duit 60nnecting the Suetion of the pump with 
the liquid higher boiling fraction Collecting Space 
in the column,heat transfer means aSSociated 
With the iguid COnVeying end Of the pump, 
means for passing a stream Of expanded lique 
fied feed mixture thrOugh the Said heat transfer 

In fractionator B,the ? 

5 

20 

5 

r 

75 

8 
means,and means for COnducting feed mixture 
from the heat transfer meanst0the C0lumn. 
5,In combination with an air fractionating 

column in Which CompreSSed and Cooled air is 
fractionated in two stages maintained reSpec 
tively at a relatively high and a reiatively low 
pressure,in which a product enriched in nitrogen 
and a product enriched in OXygen are produCed 
in the high preSSure Stage and transferred to 
the low preSSure stage and in which a coid nitro? 
gen prOduCt and a liquid Oxygen product having 
a temperature Corresponding to its boiling point 
at the low pressure are produced in the low pres 
Sure stage,a pump adapted to the pumping of 
liquids,8 Conduit Connecting the SuCtion 0f the 
pump with the liquid oxygen Collecting Space in 
the low preSSure Stage of the column,heat trans 
fer means in heat eXChange relation With the 
liquid Conveying end of the pump,means for 
passing expanded liquid product enriched in 
0xygen from the high preSSure Stage Of the Col 
umn thrOugh the Said heat transfer means and, 
means for ConduCting liquid product enriched 
in 0xygen from the heat transfer meansinto the 

5 low pressure stage of the column. 
6. In combination with an air fractionating 

column in which Compressed and Cooled ai iS 
fractionated in two stages maintained respec 
ively at B relatively high and a relatively low 

3 preSSure,in Which a p?0duct enriched in nitrogen 
8nd a pr0duCt enriChed in Oxygen are produced 
in the high preSSure Stage and transferred to the 
loy preSSure Stage and in Which a gaseous nitro 
gen product and a liquid Oxygen product having 
a temperature COrreSponding to its b0iling point 
at the lOW preSSure are produced in the low pres 
Sure Stage,a pump adapted to the pumping of 
liquids,a COnduit Connecting the Suction of the 
pump With the liquid Oxygen Collecting Space in 
the low preSSure stage of the column,a hea? 
interchanger interposed in the conduit,means 
for directing a Stream Of fluid from the column 
COlder than the liquid Oxygen through the inter 
Changer in heat eXChange relation With the 
liquid Oxygen fiOWing through the conduit 
tOWard the pump,he3t transfer means associ 
ated with the liquid conveyingend of the pump, 
means for passing expanded liquid product en 
riched in OXygen from the high pressure stage 
Of the Column through the said heat transfer 
means and means for conducting product en 
riched in Oxygen frOm the heat transfer means 
into the low preSSure stage of the coiumn. 

7. In Combination With a fractionating column 
Wherein a C0mpreSSed and C00led mixture of 10y 
boiling gaSes is fractionated thereby producing 
a liquid higher boiling fraction and a gaseous 
iOWer boiling fraction as products,a pump 
adapted t0 ?he pumping of liquids,a conduit 
COnnecting the suction of the pump with the 
liquid higher boiling fraction collecting space in 
the Column,a heat interchanger interposed in 
the COnduit,means for directing a stream of 
reiatively Cold fuid-from the column through 
the interChanger in heat exchange relation with 
the liquid higher boilingfraction flowing through 
the Conduit toward the pump,heat transfer 
means aSS0ciated with the liquid conveyingend 
Of the pump,means for passing a stream of ex 
panded liquefied feed mixture through the said 
heat transfer means,and means for conducting 
expanded liquefied feed mixture from the heat 
tranSfer haeansto the Column. 

8. The method Which comprises withdrawing 
a stream of higher boiling fraction from a frac 
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tionating operation in which a mixture of 1ow 
boing gasesis separated into a liquid higher 
boiling fraction product and a gaseous 10wer 
boing fraction product,efecting a heat inter 
Change,between the stream of higher boiling 
fraction.and a cold.fluid Stream from the frac 
tionating operation Which is colder than the 
stream of higher boiding fraction to reduce the 
temperature of the higher boing fraction to a 
point beiOW the boiling point Of the higher boil 
ing fraction at the minimum momentary pres 
sure reached in anensuing pumping step,pump 
ing the cooled stream of higher boing fraction 
in Substantially liquid form,WithdraWing 2 Se3 
ond fuid stream from the fractionating opera 

?tion in liquid phase,expanding the Second fuid 
stream to a pressure sughthat the expanded Sec 
ond fuid stream has a teaperature below the 
boingpoint of the 1iquid higher boling fraction 
atthe minimum momentary pressure reached in 
the pumping step,maintaining the liquid higher 
boiling fraction being pumped below its boiling 
p0int during the pumping step by efecting·a 
heat interchange between ?he pump and a 
stream of expanded Second fuid in liquid phase, 
and pa8Sing expanded Second fluid from the heat 
interchange with the pump to the fractionating 
Operati0n. 
9?he method-which comprises withdrawing 

a stream of liquid produet atits boiling temper 
, ature from a collecting ZOne in a fractionating 
operation in Which a mixture Cf loW boiling gaSes 
is Separated int0 a liquid produCt and a gaSe0us 
product,efecting a heat interchange betWeen 
the stream of liquid product and a cold fuid 
stre3m from the fractionating operation which 
is colder than?the stream of liquid product t0 
reduce the temperatUre of the liquid product to 

°a point beiow he boiding point of the liquid 
?roduct at the minimum momentary preSSure 
reached in an enSuing pumping Step,gumping 
the cooled stream of liquid product in substan 
tialy liquid form,withdrawing a second fuid 
Stream from the fractionating operation in liquid 
phaSe,eXpanding the Seconü?fuid Stream to a 
preSSure such that,the eXpanded fuid Stream 
has a temperature below the boiling point of the 
1iquid produc?at the minimum momentary pres 
sUre reaChed in the pumping Step, maintaining 
the liquid product being pumped beiow its boil 
ing point during the pumping step byefecting 
a heat interchange betWeen the pump and a 
8tream of expanded 8econd fuid in liquid phaSe, 
and passing eXpanded sec0üd fuid from.the 
heat interghange With the pump t0 the fraction 
ating OperatiOn. * - 

10.?a a method Wherein a Compressed and 
CColed taixture of low pCiling gaSes is fraction 
2ted in an operation prCducing liquid 3nd ga8 
eous products,the Steps Comprising Subjecting 
aTejatively Warm liquid groduct Qfthe fraction 
ation to heat exchange with a colder fuid from 
the fractionatign 60 reduge he temperature of 
?ae liquid prodüCt tO 8,point below the boing 
,point of the liquid product 3? the minimum, 
?nomentary preSSure reached in an:ensuing 
pumping Step and thereby forming a subcooled 
?guià product,pumping such Subcooled iquid 
?roduct to a desired higher preSSure,withdraw 
?ng a,second fitid stream frorn the Operation in-? 
iquid phase,expanding thersecond fuid stream 
to a pressure such that the?expanded fuid 
stream has a tenperature below the boiling 
-point of the liquid product at the minimum 
momentary preSSUre reaChed in the pumping 

step, "aintaining the liquid product being 
pumped belowitsboingpoint duringthepump 
ing step by subjecting the pump to heat ex 
change with a stream of expanded second fuid 
in iquid phase,passing expanded second fluid 
from the heat exchange with the pump to the 
Operation, and converting the pumped liquid 
product at the higher pressure into a gas by 

10 
heat exchange with the compressed mixture to 
be fractionated. - 

11·Tn the conduct of a multistage fractionat ing operation,the steps comprising,withdrawing 
a stream ofthe higher boiling fraction from the 
low pressure stage of the operation,bringing the 

15 - 

Colderfuid stream from the fractionating opera 
stream into heat interchange against another 
tiontoreducethetemperature ofthe higherboil 
ing fraction to a point below the boiling point 
of the higher boing fraction at the minimum 20 momentary pressure reached in an ensuing 
pumping step,pumping the cooled higher boil 
ing fraction in Substantialy liquid form,with 
drawingasecond fuid stream from the fraction 
ating operation in Iiquid phase,expanding the 

2 5 segond fuid stream to a pressure such that the 
expanded fuid stream has a temperature below 
the boiling point of the higher boiling fraction 
at the minimum momentary pressure reachedin thepumping step,maintaining the higher boiling 

30 fraction being pumped below its boiling point 
duringthepumpingstep by efectinga heatinter 
change between the pump and a stream of ex 
panded Second fluid in liquid phase,and passing 
expanded Second fuid fromthe heatinterchange 
with the pump to the fractionating operation, 

12. In.a method wherein a compressed and 
cooledmixture of1owboinggasesisfractionated in anoperation producing iquid higher boiling 
fraction and gaseous lower boiling fraction as products,the steps comprising withdrawing a 
stream of the higher boiling fraction product 
from the fractionating operation,pumping the 

50 

stream of higher boing fraction productinsub 
stantialy liquid form,expanding a stream of 
Jiquid.feed.mixture to be fractionated to a pres 
sure.such that the expanded feed mixture has 
a temperature below the boiling point of the liq 
uid higher boiling fraction at the minimum mo 
.mentary preSSure reached in the pumping step, 
maintaining the liquid higher boilingfraction be 

.ing pumped below its boiling point during the 

55? 

pumping Step by efecting a heat interchange be 
.tween thepump and a stream of expanded liquid 
feed mixture,and paSSing eXpanded feed mixture 
from the heat interchange with the pump to the 
Operation. 

60 

13.In a method wherein a compressed and 
cooled mixture of 10W boilinggaSesis fractionated 
in an operation producing liquid higher boiling 
fraction and gaSeous lower boiling fraction as 
products,the steps comprising withdrawing a 
stream of the higher boiling fraction product 
from the fractionating operation,subjecting the 
stream of higher boiling fraction to heat ex 
changewitha colder fluid from the fractionating 
operationt0reduce the temperature0f the higher 
boiling fraction to a point below the boiling point 
of the higher boiling fraction at the minimum 
momentary pressure reached in an ensuing 
Dumping step.and thereby forming a SubCooled 
iquid.higher boiling fraction stream,pumping 
the subcooled iquid higher boiling fraction 
.stream to a desired higherpressure, expanding a 
stream of1iquid feed mixture to be fractionated 
to a pressure Suchthat the expanded feed mix 
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ture has a temperature below the boiling point of 
the liquid higher boiling fractionat the minimum 
mOmentary pressure reachedinthe pumpingstep, 
rnaint3ining the liquid higher boiling fraction be 
ing pumped below its boiling point during the 
pumping Step by efecting a heat interchange be 
tWeen the pump and a Stream of expanded liquid 
feed mixture,and passing expanded liquid feed 
mixturefrom the heatinterchange with the pump 
to the operation. - 

14. In a method for producing oxygen and con 
ditioning it for delivery to a receiving means,in 
which Compressed and cooled air is rectified in 
two stages maintained reSpectively at a relatively 
high and a relatively 10w pressure,in which a, 
pr0duct enriched in nitrogen and a product en 
riched in oxygen are produced in the high pres 
Sure stage and transferred to the low pressure 
stage and in which a cold nitrogen product and 
a ?ir11if oxvgen nro°11af having a temperatute 
corresponding to its boiling pointat the 1ow pres 
Sure are produced in the 1ow pressure stage,the 
Steps comprising withdrawing a stream of the liq 
Uid oxygen product from the low preSSure Stage 
of the Column,pumping the oxygen stream in 
substantially liquid form,withdrawing a stream 
of 1iquid product enriched in oxygen from the 
high pressure stage,expanding the stream of 1iq 
uid product enrichedin oxygento a preSSure such 
?hat the expanded liquid product enrichedinoxy 
gen haS a temperature below the boiling point 
0f the liquid oxygen product at the minimum 
rnOmentary preSSure reachedinthe pumpingstep, 
maintaining the liquid oxygen product being 
pumped below itS b0iling point during the pump 
ing step by passing a stream of expanded liquid 
product enriched in oxygen in heat interchange 
with the pump,and passing product enriched in 
oxygen from heat exchange with the pump into 
the low preSSure stage. 

15. In a method for producing oxygen and con 
ditioning it for delivery to a receiving means,in 
which Compressed and cooled air is fractionated 
in an operation incl11ding two stages maintained 
respectively at a relatively high and a relatively 
low pressure,in which a product enriched in 
nitrogen and a liquid product enriched in oxygen 
are produced in the high pressure stage and 
transferred to the low preSSure stage and in 
Which a Cold nitrogen produCt and a liquid oxy? 5 
gen product having a temperature Correspond 
ing to is boiling point at the 1ow pressure are 
?roduced in the low pressure stage,the steps 
comprising withdraWing a stream of the liquid 
oxygen product from the low pressure Stage, 
efecting a heat interchange between the oxy 
gen stream and another Cold fluid stream from 
the fractionating operation which is colder than 
the oxygen stream to reduce the temperature of 
the oxygen stream to a point below the boiling 
goint of the liquid oxygen product at the mini 
mum momentary pressure reached in an enSUing 
pumpingstep,pumpingthe cooled oxygen Stream 
in substantially liquid form,withdraWing a 
stream of 1iquid product enriched in Oxygen 
from the high pressure stage,expanding the 
stream of 1iquid product enriched in oxygen to a 
pressure such that the expanded liquid product 
enrichedinoxygen hasa temperature below the 
boiling point of the liquid oxygen product at the 
minimum momentary pressure reached in the 
pumping step,maintaining the 1iquid oxygen 
Droduct beingpumpedbelowits boiling pont dur? 
ing the pumping Step by efecting a heat inter 
chánge 6etweenthe pump and a Stream 9f ex" 
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panded liquid product enriched in oxygen,and 
passing eXpanded liquid product enriched in 
OXygen from the heatinterchange with thepump 
into the low preSSurestage. 

16. The method of transferring the iquefed 
product Obtained in the treatment of natural gas 
to reduce its nitrogen Content,im which treat 
ment a Compressed and cooled nitrogen-contain 
ing natural gas is eXpanded and the efluent of 
the eXpansion step Subjected to a fractionating 
operation to produce a iquefed natural gas 
fraction and a gaseous nitrogen frac?ion,corá 
prising WithdraWing a,stream of the liquefied 
matural ga8 fr3Ction frOm the fractionating Oper 
3tion,pumping the Stream of liquefied natural 
gas fraction in SUb8tantialy liquid forra,and 
maintaining the iquefied natural gas fraction 
being pumped beiOW it8 b0jing point during the 
pumping Step by p3ssing a relativeiy Cold füid 
stream from the fractionating operation in heat 
interChange With the pümp,the relatively Cold 
fuid 8tream being at a temperatU?e below the 
boiling point of the liquefied hatural gas fraC 
tion a6 ?he minimum mOmeütary preSSure 
re8chedinthe pumpingstep. 

17. The method of transferring the 1iquefied 
produCt obtained in the treatment of natural gas 
to reduce its nitrogene0ntent,in Which treatmen? 
a Compressed and Cooled nitrogen-Containing 
natural gas is eXpanded and the efüent Cf the 
expansion step Subjected to a fractionating Oper 
ation to produce a liquefied natural gas fraction 
and a gaSe0US nitrogen fraction,Comprising 
withdraWing a Stream of l?quefied natüral gas 
fraction from the fracti0nating Operation,efect 
ing a heat interChange betWeen the ligüefied 
natural gas fraction Stream 8nd anOther C01d 
fuid Stream from the fragjonating operation 
which is Colder than the jquefied natural gas 
fraction stream to reduGe the teróperatufe of 
the liquefied natural gas fraction Stream to a 
point below the boiling point of the 1iquefied nat 
Ural ga8 fraction 8t the mi?imUm mo?entary 
pressure reached in an ensuing pumping 8tep, 

a pumping the cooled liquefied natural gas fraC? 
tion stream in Substantially liquid form,main 
taining the liquefied natural ga8 fractiOm being 
pumped beiow its boiling point during the pump? 
ing step by efecting a heat interChange betWeen 
the pump and a relatively Cold fuid Stream fr0n 
the fractionating operation,the rel3tiv6ly C0id 
fuid stream being at a temperature below the 
boiling point of the liquefied natural gas fraC 
?ion at the minimu? momentary preSSUe 
reached in the pumping step,3nd p3SSing rela 
tively Coid fuid from the heat interchange With 
the pump to the fractionating operation. 

18. The method of transferring the liquefied 
product obtained in the treatment of naturalgas 
to reduce its nitrogen content,in which treat 
ment a compreSsed and Cooled nitrogen-contain 
ing natural gas is expanded and the efuent of 
the expansion Step Subjected to a fractionating 
Operation to produce a liquefed natural gas 
fraction and a gaseous nitrogen fraction,cora 
prising withdrawing a stream of 1iquefed natural 
gaS fraction from the fractionating operation, 
efecting a heat interchange between the ligue 
fied natural gas fractionstream and another co?á 
fiuid stream from the fractionating operation 
Which is colder than the liquefied natural gas 
fractiOn Stream to reduce the temperature of the 
liquefied naturalgas fraction to a point below the 
bOiling p0int of the liquefied natural gas frac 
tion at the minimum momentary pressure 
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reached inanensuingpumpingstep,pumpingthe 
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cooled liquefied natural gas fraction stream in, 
substantially liquid form,maintaining the lique 
fied natural gas fraction being pumped below itS 
b0iling point during the pumping Step by efect 
ing a heat interchange between the pump and a 
relatively cold fluid Stream from the fractionat 
ing operation in liquid phase,the relatively cold 
fluid stream being at a temperature below the 
bOiling p0int of the liquefied natural gas fraC 
tion at the minimum momentary pressure 
reaChed in the pumping Step, and paSSing rela 
tively Cold fluid from the heat interchange With 
the pump to the fractionating Operation. 
19,In a method wherein a compressed and 

cooled mixture of 1ow boiling gases is fraction 
ated thereby producing a liquia product and a 
gaseous product,the StepS Comprising With 
drawing a stream of the liquid product at itS 
boiling temperature fron a collecting Zone in the 
fractionatingroperating, pumping the Stream of 
1iquid product in Substantially liquid form,With 
drawing a secondfuid stream from thefraction 
ating operation in liquid phase, expanding the 
second fuid stream to a preSSure Such that the 
expanded second fuid stream has a temperature 
below the boiling point of the liquid product at 
the minimum momentary preSSure reachedin the 
pumping step,maintaining the liquid product be 
ing pumped below its boiling point during the 
pumping step by efecting a heat exchange be? 
tween the pump and a stream of expanded Sec? 
ond fluid in liquid phase,and passing expanded 
second fluid from the heat eXChange With the 
pump to the fractionating operation. 
20,In a method wherein a compreSSed and 

cooled mixture of low boiling gases is fraction? 
ated thereby producing a liquid product and a 
gaseous product,the steps comprising withdraW? 
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14 
ing a stream of the liquid product at its boiling 
temperature fr0m a Collecting Z0ne in the fraC 
tionating operation,subjecting the Stream Of 
higher boiling fraction to heat exchange With a 
stream of thegaSeous product to reduce the tem 
perature of the liquid product to a point below 
the boiling point of the liquid product at the 
minimum momentary pressure reached in an en? 
Suing pumping Step and thereby forming a Sub 
cooled 1iquid product stream,pumping the Sub? 
cooled 1iquid product stream to a desired higher 
pressure,expanding a Stream of liquid feed miX? 
ture to be fractionated to a pressure Such that 
theexpandedfeed mixture has a temperature be 
1ow the boiling point of the liquid product at the 
minimum momentary pressure reached in the 
pumpingstep,maintaining the liquid product be 
ing pumped below its boiling point during the 
pumpingstep by efecting a heatinterchange be? 
tweenthe pumpanda stream of expanded liquid 
feed mixture,and passing expanded feed mixture 
from the heat interchange with the pump to the 
fractionating Operation. 

- CARL R.ANDERSON. 
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