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This invention relates to a method and system for the 
recovery of lique?able components of hydrocarbon 
vapors, and more particularly to the recovery of gasoline 
components from vapors expelled from tanks during the 
?lling thereof. 

In the loading of truck tanks, tank oars, ship tanks 
and the like with volatile hydrocarbon liquids, particular 
ly gasoline, substantial quantities of the lighter com 
ponents will vaporize and will be lost to the atmosphere 
unless suitable recovery methods or systems are employed. 
The quantities so lost may prove quite substantial, being 
dependent upon the vapor pressure of the ‘initial liquid 
and the temperatures at which the ?lling of tanks occurs. 
In addition to the economic loss occasioned by the loss 
of valuable hydrocarbon components, the vapor loss may 
also create a serious ?re hazard by reason of the ?am 
mable character of the vapors. 
The methods hereto before employed generally re 

quire rather complicated suction pumps and compressors 
for conveying the vapors escaping from the tanks to 
suitable condensation and fractionation equipment and 
are generally comparatively inef?cient, unless highly ex 
pensive and rather extensive apparatus systems are em 
ployed. ' 

The present invention has for its primary object the 
provision of an improved recovery system which is highly 
ef?cient in effecting condensation and recovery of maxi 
mum quantities of the lique?able hydrocarbons. 
An important object is the provision of a method of 

recovery which obviates the need for pumps or compres 
sors for collecting and delivering the vapors to the re 
covery apparatus. 
A furtther object is the provision of a method which 

employs multiple-stage cooling to effect condensation of 
the condensable hydrocarbon components. 
Another object is the provision of a method employing 

two stages of cooling of the vapors to successively lower 
temperatures, the vapors being cooled in the ?rst stage 
to a temperature just above the freezing point of water 
in the range from about 33° F. to about 35° F. to initial 
ly condense the major proportion of any water vapor 
present in the vapors to thereby obviate the formation 
of solid hydrates in the subsequent stage; and the vapors 
being cooled in the second stage to a temperature in 
the range from about 20° F. to about 30° F. su?icient 
to condense the major proportion of the condensable hy 
drocarbon components of the vapors. 
Yet another object is the provision of a method where 

in movement of the vapors from the tank being ?lled is 
effected by the combination of displacement by liquid 
entering the tank and reduction in pressure occasioned 
by reduction in temperature and condensation in the 
liquid recovery steps of the method. 
An additional object is the provision of a simple, high 

ly compact and relatively inexpensive apparatus for carry 
ing out the method in accordance with this invention. 

Other and more speci?c objects and advantages of 
this invention will become more readily apparent from 
the following detailed description when read in conjunc 
tion with the accompanying drawing, which is a ?ow 
diagram illustrative of the appartus employed and illus 
trating the ?ow of materials through the system in ac 
cordance with the method of this invention. 

Referring to the drawing, there is shown a loading 
rack R, of any known and generally conventional form, 
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employed for loading truck tanks T with gasoline or 
other volatile hydrocarbon liquids passing through a 
meter M to loading lines L. The entrance of liquids 
into tank T will displace air normally present in such 
tanks and vapors normally evolving from the liquid, 
such as gasoline. The displaced vapors will be forced 
through pipe P to a header H from which the vapors, usu 
ally containing Water vapors present in the air initially in 
the tank, will flow through a line 10 to a conventional 
?ash arrestor 11, and thence through a line 12 into a 
pre-cooler or heat exchanger 13 where the entering 
vapors will exchange heat wit-h a lower temperature 
stream of ?xed gases ?owing through a coil 14 disposed 
in exchanger 13. The character of the ?xed gases and 
their source will be described more fully hereinafter. 
The vapors initially cooled by the ?uid ?owing through 
coil 14 will then enter a vertically disposed column 15, 
herein termed the “lique?er,” and will flow upwardly 
successively through ?rst and second coil-type chillers 16 
and 17, respectively, wherein the upflowing vapors will 
be chilled to successively lower temperatures by a suit 
able refrigerant ?owing through the coils of the respective 
chillers. As illustrated the shell of heat exchanger 13 
may be on the side of column 15 to be in open com 
munication therewith. The uncondensed, generally inert 
gases leaving chillers 16 and 17 will ?ow out of the upper 
end of column 15 through a line 20 which leads to the 
inlet of pre-cooler coil 14, from which the gases will 
?ow through a line 21 to the atmosphere. 
A generally conventional refrigeration system is em 

ployed to produce the necessary chilling temperatures in 
chillers 16 and 17 and comprises a refrigerant compressor 
25 having‘ a suction pipe 26 and a discharge pipe 27 
leading into a condenser 28 wherein a suitable and gen 
erally conventional refrigerant is lique?ed and discharged 
through a pipe 29 into a receiver 30. A line 31 is con 
nected to the receiver for the delivery of lique?ed re 
frigerant into a header 32 in which are mounted expan 
sion valves 33 and 34 for expanding portions of the re 
frigerant, respectively, into chillers 16 and 17. A re 
frigerant return line 35 having a back-pressure valve 36 
therein, is connected to the second stage chiller 17 and 
leads back to suction line 26 going to the refrigerant 
compressor, thereby completing the refrigerant cycle. 
Column 15 is provided with a sump or Well 37 ?tted 

with a liquid level controller 38 which is operably con 
nected to a discharge valve 39 mounted in a line 40 lead 
ing from the bottom of well 37. The lower portion of 
column 15 above well 37 is equipped with a second liquid 
level controller 41 operably connected to a control valve 
42 mounted in a discharge pipe 43 leading from a point in 
the bottom of column 15 just above well 37. Pipe 43 
is connected to a pump 44 which is controlled by a con 
ventional electrical controller 45 operated by liquid level 
controller 41. Pump 44 is connected to a discharge line 
46 having a valve 47 mounted therein. 
_Operation of the method and apparatus is as follows: 

As noted previously and as indicated on the ?ow diagram, 
vapors, which include air usually containing some water 
vapor initially present in the truck tank, together with 
light hydrocarbons vaporized from the gasoline as it is 
delivered into the truck tank, will be displaced therefrom 
into pipe P by the liquid entering the tank, as the ?ller 
opening of which will usually be sealed about the ?ller 
and vapor outlet pipes. The displaced vapors ‘Will be 
forced through pipe P and header H into vapor line 10 
leading to the recovery system. The displacement of the 
vapors by the liquid in the truck tank will be assisted by 
the reduction in pressure occasioned by the reduction in 
temperature and resulting condensation which takes place 
in the recovery system to move the vapors to the latter, 



3,266,262 
3 

thereby eliminating the need for a gas compressor or the 
like, for pumping the vapors to the recovery system. 
The vapors will pass through ?ash arrestor 11 and 

thence through the shell of exchanger 13 into the ver 
tically disposed lique?er column 15. The vapors enter 
ing the column will be pre-cooled by heat-exchange in 
exchanger 13 with the cold ?xed or inert gases passing 
out of the top of column 15 through pipe 20 and thence 
through coil 14 to discharge pipe 21. The entering vapors 
passing through heat exchanger 13 will thus be partially 
cooled, generally to a temperature about 10° F. below 
the ambient atmospheric temperature, and will flow there~ 
from into column 15 and thence upwardly successively 
through ?rst stage chiller 16 and second stage chiller 17 

— wherein the vapors will be cooled to successively lower 
temperatures sufficient to effect the desired degree of con 
densation of the lique?able components. The vapors 
denuded of the lique?able components will then ?ow out 
of column 15 through pipe 20, as previously noted. 

First stage chiller 16 will be maintained at a tempera 
ture such as to chill the vapors to a suitable dew point 
temperature for the water vapor present in the vapors. 
This temperature will ordinarily be in the range of from 
about 33° F. to 35° F., being carefully maintained to be 
just above the freezing point of water. As a result of this 
?rst stage cooling, substantially all of the water vapor 
will be condensed and will separate from the uncon 
densed vapors and will fall to the bottom of column 15, 
collecting in well 37 to form the body W from which it 
will be continuously drained from the system through 
pipe 40 under control of liquid level controller 38. Some 
of the heavier hydrocarbon components will also con 
dense at the temperature maintained in chiller 16. 
The remaining hydrocarbon vapors and air thus freed 

of water vapor will then pass through second stage chiller 
17 which will be maintained at a somewhat lower tem 
perature than that in the ?rst stage but sufficiently low to 
effect substantially complete condensation of the lique 
?able hydrocarbons remaining in the vapors. This tem 
perature will be in the range from about 20° F. to about 
30° F. 
By this sequence of fractional chilling steps, whereby 

the water vapor will be condensed at temperatures above 
the freezing point of water and removed from the vapors, 
hydrate formation will be substantially completely obvi 
ated, as might otherwise occur under the sub-freezing tem 
peratures employed in the second stage chiller. There 
fore, the mechanical difficulties frequently occasioned by 
the formation of hydrates will be eliminated. 
The hydrocarbon components condensed in the pre 

cooler and the two chilling stages will separate from the 
?xed or uncondensed gases and will fall to the bottom of 
column 15 where they will form a layer G on top of the 
water collected in well 37. The lique?ed hydrocarbons 
will be continuously withdrawn from column 15 by means 
of pump 44 under the control of liquid level controller 
41 and discharged through pipe 46 to storage. 
The multiple-stage cooling including the pre-cooling 

stage and the two-stage chilling heretofore described, has 
been found to be highly effective in recovering a very 
large proportion of the lique?able components of the 
vapors. It is found, however, that the recovery may be 
additionally increased by passing the vapors in advance 
of each of the chilling stages through a bed of porous 
solid materials indicated at 18 and 19, and located in 
advance of chillers 16 and 17, respectively. These porous 
solids appear to act as agglomerating agents and their 
mechanism is not fully understood. The materials may 
be conventional alumina-silica catalysts commonly em 
ployed in many petroleum cracking and other re?ning 
process, or may be conventional alumina pellets impreg 
nated with zinc oxide, the proportions of which may be 
varied in the respective catalyst beds, the proportion of 
zinc oxide to alumina in the second stage bed 19 being 
generally greater than in the ?rst stage bed 18. As 
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indicated, no mechanism can be ascribed to the actions 
which occur by reason of contact of the vapors with these 
beds, but it has been found that the degree of condensa 
tion of lique?able components is increased when these 
beds are employed over operations where the beds are 
eliminated, but the temperature conditions are otherwise 
the same. 

It will be understood that the method and apparatus in 
accordance with this invention is designed primarily for 
use when the ambient atmospheric temperatures during 
loading of the gasoline or other volatile liquid are com 
paratively high, as under summer conditions, since it will 
be obvious that under low temperature winter conditions, 
the volatilization losses will generally be quite low, and 
suf?ciently so that operation of the method and apparatus 
become unnecessary. 
By means of the method and apparatus in accordance 

with this invention, it has been found that as much as 
75% to 90% of all of the lique?able components in the 
vapors may be condensed and recovered, with resulting 
substantial saving in money values. In addition a vent 
gas stream is produced which is substantially denuded of 
?ammable hydrocarbons and is substantially inert, being 
composed largely of the air originally present in the tank, 
with the result that its ?ammability and potential hazard 
is greatly reduced. 
The apparatus heretofore described may readily be 

made very compact and has been constructed to be in 
corporated in a self-contained unit mounted on a skid, 
or other mobile platform which can ‘be moved easily 
from place to place. Such a unit, for example, made 
about 11 feet in height, 8 feet in length, and 4 feet in 
width will house an apparatus assembly which is capable 
of handling about 3500 cubic feet of vapors per minute. 
A portable unit of even smaller size for connection‘ to 
ship tanks during loading thereof and having a capacity 
of about 400 cubic feet per minute has ‘been constructed. 

It will be understood that various changes and modi? 
cations may be made in the details of the procedure and 
the apparatus within the scope of the appended claims 
but without departing from the spirit of this invention. 
What I claim and desire to secure by Letters Patent is: 
1. The method of recovering lique?able components 

from vapors evolved during the ?lling of tanks with vola~ 
tile hydrocarbon liquids, comprising, cooling the vapors 
in a ?rst chilling stage to a dew point temperature for 
water vapor present in the vapors etfective to condense 
and separate the Water from the vapors, thereafter cool 
ing the water-freed vapors in a second chilling stage to a 
lower temperature effective to condense and separate there 
from the condensable hydrocarbon components remaining 
in the vapors, and recovering the condensed hydrocarbons. 

2. The method according to claim 1 wherein the tem 
perature in the ?rst chilling stage is in the range from 
about 33° F. to about 35° F. 

3. The method according to claim 1 wherein the tem 
perature in the second chilling stage is in the range from 
about 20° F. to about 30° F. 

4. The method according to claim 1 wherein the tem 
perature in the ?rst chilling stage is in the range from 
about 33° F. to about 35° F. and in the second chilling 
stage in the range from about 20° F. to about 30° F. 

5. The method of recovering lique?able components 
from vapors evolved during the ?lling of a tank with 
volatile hydrocarbon liquids, comprising, transferring the 
evolved vapors to a liquefying zone, pre-cooling said 
vapors entering the liquefying zone, cooling the pre 
cooled vapors in the liquefying zone in a ?rst chilling 
stage to a dew point temperature for water vapor present 
in the vapors effective to condense the major proportion 
of the water vapor, thereafter cooling the water-freed 
vapors in a second chilling stage to a lower temperature 
effective to condense the condensable hydrocarbon com 
ponents remaining in said vapors, separately withdrawing 
water and the condensed hydrocarbons from the liquefy 
ing zone, discharging the ?nally uncondensed vapors from 
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said zone, and passing said uncondensed vapors into heat 
exchange relationship with said vapors entering the lique 
fying zone to effect said pre-cooling. 

6. The method according to claim 5 wherein the trans 
fer of said evolved vapors is effected by liquid displace 
ment thereof from the tank as the latter is being ?lled by 
said liquids. 

7. The method according to claim 5 wherein the tem 
perature in the ?rst chilling stage is in the range from 
about 33° F. to about 35° F.; in the second chilling stage 
in the range from about 20° F. to about 30° F ., and where 
in the temperature reduction attained by said pre-cooling 
is about 10° F. ‘below the ambient atmospheric tempera 
ture. 

8. The method of recovering lique?able components 
from vapors evolved during the ?lling of tanks with vola 
tile hydrocarbon liquids, comprising, cooling the vapors 
in a ?rst chilling stage to a dew point temperature for 
water vapor present in the vapors effective to condense 
and separate the water from the vapors, thereafter cool 
ing the water-freed vapors in a second chilling stage to 
a lower temperature effective to condense and separate 
therefrom the condensable hydrocarbon components re 
maining in the vapors, passing said vapors in advance of 
each of said cooling stages through a body of a porous 
solid material selected from the class consisting of 
alumina-silica particles and alumina particles impregnated 
With ZnOZ, and recovering the condensed hydrocarbons. 

9. The method according to claim 8 wherein the pro 
portions of ZnOz in the respective beds are. increased in 
the direction of flow of said vapors through the chilling 
stages. 

10. Apparatus for recovering lique?able components 
from vapors evolved during the ?lling of a tank with vola 
tile hydrocarbon liquids, comprising, a vertically disposed 
lique?er column, conduit means for delivering vapors 
from a tank in which they are evolved to an intermediate 
portion of said column, ?rst and second vertically spaced 
chilling coils disposed in said column in the path of up 
ward flow of the vapors through the column, means for 
circulating a refrigerant through said coils including means 
for controlling the chilling temperatures in the respective 
coils, means for withdrawing water from the lower end 
of said column, means ‘for withdrawing lique?ed hydro 
carbons from an intermediate portion of the column, and 
a vent conduit communicating with the upper end of 
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said column for discharging uncondensed vapors there 
from. 

11. An apparatus according to claim 10 including a 
body of porous particulate solid material disposed in 
advance of each of said chilling coils in the path of flow 
of said vapors therethrough. 

12. An apparatus according to claim 10 including vapor 
precooling means, comprising a closed coil connected to 
said vent conduit and disposed in said conduit means in 
the path of ?ow of the entering vapors. 

13. Apparatus for recovering lique?able components 
from vapors evolved during the ?lling of a tank with 
volatile hydrocarbon liquids, comprising, a vertically dis 
posed liquc?er column, conduit means for delivering 
vapors from a tank in which they are evolved to an inter 
mediate portion of said column, ?rst and second vertically 
spaced chilling coils disposed in said column above the 
point of entry of said conduit means in the path of up 
ward ?ow of the vapors through the column, means for 
circulating a refrigerant through said coils including means 
for controlling the chilling temperatures in the respective 
coils, a water-accumulating Well at the lower end of said 
column, a drain conduit communicating with said well, 
a ?rst liquid level controller operatively connected to said 
well ‘and to said ‘drain conduit for controlling the water 
level in said well, a second conduit connected to the lower 
portion of said column above said well, a second liquid 
level controller operatively connected to the lower por 
tion of said column above said well and to said second 
conduit to control the level of lique?ed hydrocarbons 
accumulating in the column on top of said water level, 
and a vent conduit communicating with the upper end 
of said column for discharging uncondensed vapors there 
from. 

14. An apparatus according to claim 13 including a 
body of a porous solid particulate material disposed in 
advance of each of said chilling coils in the path of ?ow 
of the vapors therethrough. 
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