
United States Patent [191 [111 3,881,894 
Onufer [45] May 6, 1975 

i541 VAPOR EMISSION CONTROL SYSTEM AND Primary Examiner—Charles N. Hart 
METHOD Attorney, Agent, or Firm-Burton & Parker 

[76] Inventor: George R. Onufer, 8317 Woodcrest 
Dr. Apt. 4, Westland, Mich. 48184 [57] ABSTRACT 

[22] Filed: Oct' 5’ 1972 A vapor emission control system for gasoline stations 
[2]] APPL No_; 295,234 and the like recovers escaping gases or vapors at the 

connection between the ?lling hose nozzle and the 
end of the tiller neck of an automobile gas tank by 

U-S. v . . . . . . . . . . . . t . . . . . . . . . . . . . . . . . . .. creating an annular inrushing atmospheric air curtain 

[51 1 - . . . . - - . . . . . . . . . , . ..‘ . . . . . . . . . . _ . . . . . . . - . . . . .. at the Open end of the ?ller neck Sweeps escap 

[58] Field of Search 55/88, 89, DIG. 30, 255, ing vapors into a vapor return ?ne and delivers the 
55/256, 179, 387; 141/44, 45; 261/122 same for disposal. The disposal may involve either 

_ burning of the vapors, or the vapors may be returned 
[56] Rererenws cued to and taken up in gasoline for use in subsequent auto 

UNITED STATES PATENTS mobile refueling. The vapors may be taken up by the 
2937.506 5/1960 Stivlen .............................. .. 26l/l22 gasoline by ?rst Separating them from any almo 
2,947,379 8/1960 Aubrey . . . . . . . . . . . . .. 55/88 spheric air with which they have been mixed and then 

3.581332 6/ l97l Onufer - . - - . . - . - . . .. 55/387 passing them through microscopic passageways of the 

3.756.29] 9/1973 McGahey.._............... ..... .. 55/88 labyrinth immersed in liquid gasoline. 
3,763,901 10/1973 Viland .................................. .. 55/38 

4 Claims, 11 Drawing Figures 

(3 

Z/a-dE 

26' 
J2 ’ 

g 72 / 
/ 6 

J6“ 

_l 22 _ 207 
/ a 

was mam /66 = 

6'4 
lll J0 

_______ __ _'_______ ‘fl-$13 \26 
l || I 

ll || | 
l; 'l | 
l I] | 

9'6 IL“ 2‘ ': |~Z0 >__1|.a_____.z_____|l_________ ;.{____I 
ll H I 
II n ‘ 
II II ‘ 
I: JJ' 1' 
| 1_.ll l 
Ji_.. '24 '2 - -’ l 

_________ _£-_-J__________J 



3.881.894 5 EETENIEUMY s19? 

SHEEI 1 8F 5 

UHE 



3.881.894 PATENTEDHAY' 6875 
SHiET 2 OF 5 

FIG-.2 

F'IG.3 

A75 /02 /00 
/07 

/04 /09 

34 

74 
96 90 /05 

FIG.5 FIG.4 

\\\ \\ \N Z\\\\ \\ \\ \ 

\\\\ \S 
Z0 









3,88 l ,894 
I 

VAPOR EMISSION CONTROL SYSTEM AND 
METHOD 

FIELD OF INVENTION 

This invention relates to equipment for preventing 
the escape to atmosphere of gases and vapors from vol 
atile fuels and the like during transfer of such liquids. 
The invention is particularly, though not exclusively, 
adapted for use in the delivery of gasoline from gaso 
line station storage tanks to automobile, boat, airplane 
and the like gas tanks. and from gasoline distribution 
centers into the tank trucks. 

BACKGROUND AND OBJECTS OF THE 
INVENTION 

It has been estimated by some who have studied air 
pollution by gasoline vapors resulting from automobile 
refueling at gasoline stations that approximately 3L4 
pounds of liquid gasoline in vapor form is lost on the 
average each day to the atmosphere from the refueling 
operations at a single gasoline station pumping 60,000 
gallons of gasoline per month. Heretofore a number of 
solutions have been proposed, and in my own prior 
US. Pat. No. 3,58 I .782 I show a system for preventing 
the escape of these air polluting vapors. Further atten 
tion to this problem has led me to certain conclusions 
and further developments as hereinafter set forth. 

First. because of the lack of standardization of auto 
mobile gas tank filler necks, the concept of a fuel noz 
zle which will make a mechanically ?uid-tight seal with 
the automobile gas tank filler neck, such as suggested 
in the following patents, appears impractical: 
French Patent No. 1,292,909; 
US. Pat No. 2,908,299; 
US. Pat. No. 3,289,711; 
US. Pat. No. 3,543,484, 
US. Pat. No. 3,672,180 
Second, the sometimes haphazard practices of ser 

vice station attendants requires a vapor control system 
which will function to prevent vapor escape even when 
the fill nozzle has not been fully inserted into the auto 
mobile gas tank filler neck. 
Third, the necessary modi?cation of existing gasoline 

station equiptment to adapt vapor recovery or control 
systems thereto should be minimal to reduce the cost 
thereof. 
Fourth, the vapors recovered during the refueling of 

automobiles or the like should be economically stored 
in a form such that the same can be utilized in subse 
quent refueling of automobiles. 

SUMMARY OF THE INVENTION 

My invention solves each of the foregoing problems, 
and possesses certain other advantages which will be 
apparent during the ensuing description. In general, the 
system includes a vapor collector at the fill hose nozzle 
which creates an annular inrushing curtain of atmo 
spheric air around the nozzle pipe at the entrance or 
open end of the automobile gas tank ?ller neck with the 
result that as gasoline enters the automobile gas tank 
from the till nozzle. gasoline vapors escaping back out 
of the filler neck are swept into the collector so that 
they do not escape to the atmosphere. The collector is 
connected to a vapor return line which communicates 
with a source of subatmospsheric pressure whereby an 
atmospheric air flow is induced into the collector to 
create the aforesaid annular air curtain. Means are pro 
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2 
vided for limiting the vacuum created between the col 
lector and the end of the automobile tank filler neck. 
The collector may or may not ?t in sealed relation 

with the filler neck of the automobile gas tank, depend 
ing on the size of the collector in relation to the tiller 
neck and how far into the ?ller neck the gas station at 
tendant inserts the nozzle, but the design of the collec 
tor is such that the aforementioned air curtain will 
serve to function when the collector is spaced slightly 
from the open end of the tiller neck. 

In the embodiment disclosed herein, the collected va 
pors are returned through the vapor return line to 
means for separating the vapors from the atmospheric 
air with which they are mixed. Such means comprises 
at least two sorbing canisters, one of which is in its 
sorbing cycle and receives the vapors and stores them. 
The other canister is in a desorbing cycle during which 
stored vapors are drawn therefrom and either returned 
to and taken. up in gasoline stored in the gas station 
storage tank for subsequent delivery to automobiles, or 
the vapors may be burned. 

In the embodiment disclosed herein, when the vapors 
are drawn from the canister in the de-sorbing cycle, 
they are passed directly to a device I refer to as a 
sparger which is located within and adjacent the bot 
tom of the gasoline storage tank. The sparger com 
prises a labyrinth of microscopic passageways im 
mersed in the liquid gasoline in the tank. The vapors 
are caused to pass into and through these passageways 
and are taken up in the gasoline. As a result of experi 
mentation with butane gas recovery in gasoline I be 
lieve substantially all of the gasoline vapors returned to 
the gasoline can be taken up therein using the sparger. 

DESCRIPTION OF DRAWINGS 

FIG. 1 schematically illustrates a refueling station 
embodying my invention; 

FIG. 2 is a perspective view of a fuel delivery nozzle 
provided with my vapor collector showing the nozzle 
pipe inserted in typical fashion in a tank to be refueled; 
FIG. 3 is a cross-sectional view through the vapor 

collector; 
FIG. 4 shows a sparger being inserted down through 

a breather pipe or the like of a fuel storage tank; 
FiG. 5 shows the sparger positioned in the tank; 
FIG. 6 shows one of the vapor ?ltering canisters; 
FIGS. 7 and 8 are schematic diagrams of the alter 

nate sorbing and de-sorbing cycles of the vapor filtering 
canisters; 
FIG. 9 is a perspective view of a modified form of 

sparger; 
FIG. I0 is a cross-sectional view taken on the line 

l0— ll) of FIG. 9; and 
FIG. I] is a schematic diagram of the control system. 

BRIEF DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Overall System 
FIG. I shows in schematic form the essential compo 

nents of an automobile gas station embodying the in 
vention. The invention may also be incorporated with 
marine refueling stations, aircraft refueling, or any 
other refueling or volatile liquid transfer system to 
which those skilled in the art might wish to adapt it. As 
shown, a volatile liquid fuel storage tank 20 located be 
neath the surface 22 of the gas station is provided with 
a conventional fuel delivery system including fuel 
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pump 24, a discharge pipe 26 leading from the tank 20 
to a dispensing stand or pedestal 28, and from thence 
by hose 30 to a nozzle 34 having a nozzle pipe 36 for 
insertion in the gas tank ?ller neck 38 of the automo 
bile gasoline tank 40. 
With the pump 24 in operation, squeezing the nozzle 

trigger 42, shown in FIG. 2, will cause gasoline to be 
pumped from the tank 20 to the automobile tank 40 
through the nozzle pipe 36 and ?ller neck 38. 
Mounted on the nozzle is a vapor collector 43 which 

communicates with the upstream end of a vapor return 
line 44 which includes a ?exible hose section 46 which 
is secured to the hose 30 in any suitable fashion as by 
clips or the like 48. The hose portion 46 of the vapor 
return line enters the dispensing stand 28 and commu 
nicates with vapor return line portion 50 which termi‘ 
nates at means 52 for separating the gasoline vapors 
from a mixture of such vapors and atmospheric air 
which have been drawn into the vapor return line at the 
collector 43. The vapor return line portion 50 may be 
concealed as by extending down through the bottom of 
the stand 28 and thence underground to the separator 
and thereafter back up through the surface of the gas 
station to the separator. The separator is schematically 
shown in FIG. 1 and described in greater detail in FIGS. 
6, 7 and 8 hereafter. 
Following separation of the vapors from the atmo 

spheric air, the vapors are either delivered therefrom 
for return to the fuel storage tank 20, or if desired may 
be burned. In the FIG. 1 system the vapors are added 
to and taken up by the fuel in the storage tank 20. The 
vapors are returned to the tank through the line 54 
which extends down into the storage tank 20 terminat 
ing near the bottom thereof substantially as shown in 
FIG. 1. The lower end of the line 54 is provided with 
a sparger 55 shown and described in greater detail in 
connection with FIGS. 4, 5, 8 and 9 whose function is 
to cause the vapors to be taken up in the gasoline in the 
tank 20. The liquid level of the fuel in tank 20 is indi 
cated at 56. The underground tank 20 is also provided 
with an atmospheric vent line 58. 
Also shown in HO. 1 is a representation ofa fuel de 

livery tank truck 60 having a fuel delivery hose 62 con 
nected to an inlet ?tting 64 leading to the tank 20 and 
a vapor return line 66 leading from the fitting back to 
the truck. 
The vent line 58 extends above the tank truck 60 so 

that in the event the tank is overftlled, raw fuel will not 
escape from the vent line. A vapor recovery and vent 
line 72 extends from the vent line 58 at a point above 
the top of the tank truck to the separator means 52 for 
purpose hereinafter explained. 
Within the schematic representation of the separator 

means 52 there is a vacuum pump or blower for creat 

ing a subatmospheric pressure condition in the vapor 
return line 50 and hose portion 46 and portion 44 
whereby vapors and atmospheric air are drawn into the 
vapor return line at the collector 43 for delivery to the 
separator means. Atmospheric air separated from the 
vapors is vented to the atmosphere at the separator 
means 52. Also within the schematic representation of 
the separator means 52 there is a vacuum pump com~ 
pressor for stripping the vapors during the de'sorb 
cycle and delivering the vapors to the storage tank or 
for burning. 

1O 

20 

35 

40 

45 

50 

55 

60 

65 

4 

Collector means 

FIG. 2 represents a conventional nozzle for the end 
ofa gasoline delivery hose such as will be found in typi 
cal automobile gas stations. In addition to the on-off 
trigger 42, the nozzle may include a trigger-holding 
catch 80 which the gas station attendant may engage 
with the trigger so that he can leave the nozzle unat 
tended while the automobile tank is being ?lled and a 
fuel level sensing element 82 associated with the nozzle 
pipe 36 senses the fuel level and through mechanism 
well understood by those skilled in the art (and not dis 
closed herein) serves to automatically shut off the noz 
zle and flow of gasoline therethrough when the tank 40 
is ?lled or substantially so. 
My invention is intended to be adaptable to existing 

gasoline stations with a minimum of reconstruction of 
the station equipment, and to this end the collector 43, 
as shown in FIGS. 2 and 3, comprises a cup-shaped 
boot 90 which is slipped over the nozzle pipe and re 
tained in place by any suitable means. I have disclosed 
the boot as being disposed between the nut I05, which 
holds the nozzle pipe 36 in the nozzle 34, and the noz 
zle body. A pair of screws 107, which extend through 
a portion 109 of the boot, additionally serve to secure 
the boot to the nozzle. The boot is so arranged that its 
cup shape is aligned co-axially with the nozzle pipe 36 
and is spaced from but opens toward the fuel discharge 
end 92 thereof. The boot is formed of a gas and oil re 
sistant rubber type ?exible material, such as Buna-N 
rubber, or neoprene with a Shore durometer of 45 i 5. 
Other suitable materials will occur to those skilled in 
the art. The rim 93 of the cup-shaped collector may, if 
desired, be angled as shown in FIG. 3 so that the rim 
will closely overlie the open end of the gas tank ?ller 
neck or opening when the nozzle pipe is inserted in the 
filler neck and left unattended by the attendant. It will 
be noted that the nozzle pipe, by virtue of its curvature, 
tends to wedge in the filler neck with the nozzle being 
inclined at an angle to the open end of the filler neck. 
In some cases the boot or collector may effect a partial 
or complete mechanical seal with the open end of the 
filler neck depending upon the relative sizes of the boot 
and filler neck and how far into the filler neck the at 
tendant has inserted the nozzle pipe. In FIG. 2 the edge 
94 of the rim 93 of the cup-shaped collector is shown 
as having a nipple portion 96 which opens through the 
radial wall 98 of the cup shape and the vapor return 
tube may be pressed over such nipple and secured 
thereto. 
Means are provided at the collector to prevent exces 

sive vacuum being created therewithin and imposed 
upon the automobile gas tank (which might tend to 
cause implosion or inward collapse thereof) should the 
rim 93 of the coliector make a mechanically tight seal 
with the open end of the filler neck. such means com 
prises a pressure responsive check valve assembly I00 
comprising a ball check valve 102 held against a seat 
by a spring I04 such that upon the pressure within the 
collector dropping below a predetermined point, the 
atmospheric pressure against the ball 102 will unseat it 
allowing atmospheric air to enter the collector. In addi 
tion, a weep hole 106 may be provided in the rim of the 
collector to admit atmospheric air thereinto and allow 
water or the like to drain therefrom. It is preferred that 
the vacuum developed within the collector not exceed 
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2.5 to 3 inches of water column, and the check valve 
is set to limit the vacuum to this degree. 

Diffuser means 108 in the form of a ?ne screen with 
a clutch weave of 50 X 250 and a particle migration size 
of 60 microns is disposed within the collector to restrict 
dust particles from entering the vapor return line and 
also to act as a flame arrester and also for the purpose 
of distributing the subatmospheric pressure created by 
the vapor return line substantially uniformly around the 
inside of the cup shape. The diffuser may comprise a 
multitude of layers of monel screen wire. Instead of 
monel wire the diffuser may be made of other materials 
such as aluminum. glass threads or the like and will re 
semble steel wool. Should liquid fuel splash back out of 
the filler neck and into the collector. the diffuser will 
serve to cause such liquid fuel to vaporize as the inrush 
ing atmospheric air passes through the diffuser, and 
thereby raw liquid fuel is prevented from entering the 
vapor return line and being returned to the separator. 
The volume of air pulled through the vapor return 

tube should be, for a conventional gasoline station noz 
zle having a collector 43 of the character disclosed, on 
the order of 2 to 3 cubic feet per minute at a vacuum 
of 2 to 3 inches of water column, which will exceed the 
volume of gasoline delivered per minute by the nozzle. 
By virtue of the cup shape of the collector and the dis 
tribution of vacuum substantially uniformly therewithin 
by the diffuser, an annular inrushing air curtain or 
stream is formed around the nozzle pipe and between 
the rim of the collector and the tiller neck when the 
nozzle pipe is inserted therein, such inrushing air cur 
tain being illustrated by the arrows in H0. 2. Such air 
curtain will entrain any vapors escaping back out of the 
tiller neck 38 and carry them through the vapor return 
line to the separator means 52. Consequently a me 
chanically tight seal with the filler neck 38 is not re 
quired as in the prior art as any vapors will be swept 
into the collector and prevented from escaping to the 
atmosphere. 

Air and vapor separator 

in the overall broad concept of the vapor recovery 
system herein disclosed any suitable means for separat 
ing the gasoline vapors from atmospheric air may be 
employed. The reason for this separation is to enable 
only the return of the gasoline vapors to the under 
ground fuel storage tank. These vapors comprise the 
so-called light ends of the gasoline which vaporize dur 
ing the automotive gas tank ?lling operation and com 
prises about 60 percent butane, with the balance being 
primarily methane. hexane, pentane and the like. If at 
mospheric air is also returned to the storage tank 20 
along with the vapors, the air which is essentially im 
miscible in the gasoline, will bubble to the surface and 
cause vaporization of the light ends of the gasoline in 
the tank above the liquid level and will also result in an 
undesirable buildup of air pressure in the tank. 
As disclosed herein, the separator means 52 includes 

a pair of vapor sorbing and de-sorbing canisters 110 
and 112 shown in FIGS. 7 and 8, a vacuum pump or 
blower 114 and a control system for opening and clos 
ing canister control valves and de-sorbing heaters in the 
canisters. One of the canisters, namely canister 110, is 
shown in FIG. 6 and a description thereof will suffice 
for both. Corresponding portions, lines, etc. of canister 
112 are indicated by primed reference numerals. The 
canister is a tank-like air-tight receptacle having an air 
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and vapor mixture inlet or inlet line 116, which may be 
provided with a vacuum gauge 118, an air outlet or out 
let line 120, also provided with a vacuum gauge 122, 
and a vapor outlet or outlet line 124. The canister is 
?lled to the level 126 with suitable vapor sorbing and 
desorbing material such as a molecular sieve of Zeolite 
or active carbon (activated charcoal) 128. A forami 
nous partition 130 covered by a fine mesh screen 131 
supports the sorbing material and allows air to pass 
therethrough and out the outlet 120. Outlet 120 is con 
nectible through valve F of the solenoid actuated multi 
ple valve assembly 131 shown in FIG. 7, with a suction 
line 132 leading from valve F through a ?ame arrester 
134 to the pump U4 which exhausts to atmosphere 
through a vent 136. The pump 114, when solenoid 
valve F is open during the sorbing cycle for the canister 
110, as shown in FIG. 7, will therefore draw a vacuum 
through the outlet 120 on the canister and in conse 
quence on the air and vapor mixture inlet "6 and cre 
ate the subatmospheric condition in the collector 43 
which creates the annular inrushing vapor-entraining 
air stream at the nozzle. 
The vapor outlet 124 connects with a vapor collect 

ing foraminous tube 138, which is surrounded by a fine 
mesh screen 139. The tube extends into the sorbing bed 
128. The tube is closed as at 140 at its lower end. Upon 
application of a pressure differential across the tube, 
vapors de-sorbed by the bed enter the tube and travel 
upwardly and out the outlet 124. 
Desorption of vapors from the bed 128 is accom 

plished by heating the bed to approximately 220° to 
230° F. and drawing a vacuum thereon of from 28 
inches to 27 inches of mercury. This is carried out by 
a plurality of electric heaters 142 and M4, as many 
being provided as may be found necessary in accor 
dance with the size of the charcoal bed. Each heater in 
cludes an outer tubular metal casing 146 closed at its 
lower end and extending up through the top 148 of the 
canister and sealed therein as at 150. If desired the 
tubes may be provided with fins 149. A helical resis 
tance heating wire 152 extends down into the tube with 
the ends of the wire terminating in a terminal block 154 
on the upper end of the tube for connection to a source 
of electric current. The wire is electrically insulated 
from the tube 146 in any suitable fashion that will also 
provide good heat conductivity, such as a magnesium 
oxide powder. One typical heating wire was rated at 8 
watts per inch, with the heater providing a total of I250 
watts at 240 volts. A thermally responsive switch 154 
in the heater circuits may be provided for limiting the 
temperature rise in the sorbing bed 128 during de 
sorbing. 
The vacuum is drawn on the sorbing bed by a vacuum 

pump [56, schematically shown in FIGS. 7 and 9, 
whose intake line 158 connects through a flame ar 
rester 160 with the valves C and D of valve assembly 
131. Valves C and D respectively connect with the 
vapor outlets 124 and I24’ of canisters 110 and 112. 
The compression pressure side of vacuum pump 156 
connects to a line 162 which may be provided with 
cooling fins [64, and line 162 connects to the sparger 
vapor return line 54 through a one-way vapor check 
valve I66 which prevents vapor in the tank from back 
ing up into the pump 156 when the samem is not oper 
ating. 
Valves B and E of the multiple valve assembly 131 

connect as shown in FIGS. 7 and 8 with the vapor re 
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turn line 50 and respectively with the inlets I16’ and 
[[6 of canisters 112 and H0. Valve A connects outlet 
I20’ with pump 114 through line I32’. In FIG. 7 valves 
A, B and D are closed and C, E and F are open, while 
in FIG. 8 the reverse condition obtains. The arrows are 
the communication lines in FIGS. 7 and 8 and indicates 
flow and direction. 
A ?ame arrester 168 is schematically shown in FIGS. 

7 and 8 in the air and vapor mixture return line 50. In 
addition, such line is grounded, as indicated at 170, as 
is each canister, the pumps 114 and 156, and the sole 
noid actuated multiple valve assembly 131. 

Control System 

The solenoid valve assembly 13] comprises a plural 
ity of valves A-F, each having an inlet and an outlet to 
which the ?uid conducting lines are connected as 
shown in FIGS. 7 and 8. The valves are actuated to one 
valving condition by energization of a solenoid and 
spring returned to the opposite valve condition upon 
de-energization of the solenoid. 

In FIG. II there is shown a control system for operat 
ing the vapor recovery system heretofore described. 
Suitable sequencing switch mechanism is connected to 
the solenoid of the valve assembly 131, the heaters for 
canisters 110 and 112, and the vacuum pump 156 to 
control operation of these devices in a determined se 
quence hereinafter explained. A master on-off switch 
I80 supplied current to the sequencing switch and de 
vices controlled thereby, and also to the gasoline pump 
24 and blower I14, through the conventional switch 
I82 on the pedestal. 

In a typical operation, closure of switch 180, as for 
example when the service station attendant arrives to 
open the station for business in the morning, will start 
the sequencing switch which will in turn energize the 
system for de-sorbing of canister 112 and sorbing by 
canister I10 as shown in FIG. 7. In the sequence con 
trolled by the sequencing switch, the valves A, B and 
D are closed and valves C, E and F are open, and the 
heaters in canister 112 are energized. Following a short 
time delay to allow the heaters in canister 112 to heat 
the sorbing bed, such as ten minutes, the sequencing 
switch will energize the vacuum pump 156 to draw a 
vacuum on the canister I12 and strip the sorbed vapors 
therefrom through outlet 124', through valve C, ?ame 
arrester 160, the pump I56, the cooling tube 162, valve 
166 and finally to the sparger 55 where the vapors are 
taken up by the gasoline in the tank 20. The vacuum 
pump and heaters will remain energized for a predeter 
mined period of time to strip vapors from the sorbing 
bed, such as 25 minutes, and then the sequencing 
switch will deenergize the heaters and after the sorbing 
bed has cooled somewhat the sequencing switch de 
energizes the vacuum pump. During energization of the 
heaters, the temperature of the sorbing bed is thermo 
statically controlled by a suitable thermostat switch in 
the heater leads. 
During the foregoing de-sorb cycle of canister I12, 

canister 110 is in condition for sorbing vapors. When 
the service station attendant in the typical operation of 
refueling an automobile removes the nozzle from its 
hanger on the pedestal 28, he resets the gallonage de 
livery meter and closes switch I82, see FIGS. 1 and II, 
which energizes a time delay relay 200 and starts the 
pump 24 to deliver gasoline from tank 20 to the nozzle. 
Contacts 200’ of the relay are thereupon closed ener 
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8 
gizing the blower 114 to create a partial vacuum in can 
ister I10 and vapor and air mixture inlet II6, valve E 
and the vapor return line 50, 46 and within the collec 
tor 43. Such subatmospheric pressure creates the 
aforementioned annular inrushing atmospheric air cur 
tain around the nozzle pipe 36 to collect the vapors es~ 
caping back out the automobile gas tank filler neck 38 
as gasoline is pumped into the tank through nozzle pipe 
36. When the nozzle is shut off and removed from the 
?ller neck, and the pedestal switch 182 is opened, the 
time delay relay will continue to energize the blower 
114 until a determined time period expires to thereby 
clear the vapor collector 43 and return line of any re 
sidual fuel vapors, and then the blower 114 is shut off 
until the next vehicle is to be refueled and the opera 
tion repeats. 
The length of time the sequencing switch holds canis 

ter 110 in the foregoing described sorbing cycle will be 
adjusted in accordance with the average gallonage 
pumped by the station. For example, canister IIO may 
be on the sorbing cycle for 3 5% hours and then the se 
quencing switch will energize the solenoid of the valve 
assembly 31, to open valves A, B and D and close 
valves C, E and F to establish the condition shown in 
FIG. 8 wherein canister 110 is on the de-sorb cycle and 
canister 112 is on its sorbing cycle, during which the 
foregoing description with the opposite canisters re~ 
peats. 

It is to be understood that the control system of FIG. 
11 is merely representative of one system that will op 
erate the separator means 52 to draw in the vapors 
through the collector 43, cause separation thereof from 
the air, and deliver them to the sparger. Different or 
more sophisticated control systems may be visualized 
by those skilled in the art without departing from the 
essential concept disclosed herein. 

In multiple pedestal or multiple delivery nozzle gas 
stations, which are more often found than a single noz~ 
zle station schematically represented by the solid lines 
of FIGS. 7 and 8, the vapor return lines for a plurality 
of nozzles are connected together so that when one 
nozzle is in use to refuel one vehicle, air is being pulled 
into the collectors of the other nozzles as well. For ex 
ample, in FIGS. 7 and 8, phantom lines 50' and 50" are 
shown which extend from their nozzles (not shown) to 
the vapor line 50 for communication of all three with 
the separator means 52. By this arrangement a larger 
volume of air is pulled across a sorbing bed thereby 
helping to cool it or keep it cool during sorption and 
also further insuring that any residual vapors around 
nozzles not being used are drawn into the sorbing bed. 
In the event it is desired to open only the vapor return 
line associated with the nozzle being used, each vapor 
return line may have a solenoid valve 201 as shown in 
FIG. 1, which is normally closed but opens when the 
pedestal switch I82 for its pedestal is closed. If desired 
during warm atmospheric conditions suitable cooling 
means may be provided for cooling the sorbing bed 128 
during the sorbing cycle. 

Vent System 

In FIGS. 1, 7 and 8 the storage tank is shown vented 
to the atmosphere through vent line 58 which is topped 
by a control valve 210 of any suitable character which 
will establish communication with the atmosphere if 
the pressure in tank 20 exceeds 1 p.s.i.g. or if the pres 
sure in the tank drops below 1 oz. gauge of vacuum. Be 
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tween these limits, viz. l p.s.i.g. and l oz. of vacuum, 
the valve is closed. This valve will protect the tank 20 
against pressures or vacuum conditions which might be 
injurious to it. Line 72 leads from the vent pipe 58 to 
the separator means 52 as shown in H05. 1, 7 and 8. 
It is provided with a valve 212 which closes to prevent 
?ow from the pipe 58 to the collector as soon as the 
pressure between line 58 and valve 212 drops below 
zero and is opened between zero and 1/2 p.s.i.g. and is 
closed when the pressure exceeds ‘A p.s.i.g. Valve 212 
serves to allow sorbing of vapors escaping from the 
tank 20 through line 58, but prevents drawing a vac 
uum on the tank. Closure of the valve above 1/: p.s.i.g. 
will prevent saturation of the sorbing bed by vapors 
during tank ?lling by the tank truck 60. 

Sparger 
In FIG. 1 the sparger SS is mounted on the lower end 

of a pipe 54 which is secured to the tank and extends 
vertically down thereinto. The sparger 55 extends hori 
zontally from pipe 54 approximately 5 inches to 6 
inches from the bottom of the tank which will be above 
any water that may collect in the bottom of the tank 
and which will also provide for a current in the gasoline 
to sweep fresh gasoline beneath and upwardly around 
the sparger during the sparging action. The sparger 
may be connected to the pipe 54 by a ?exible elbow 57 
with a spring 59 having looped ends 59' engaged with 
the pipe 54 and sparger 55 to hold the sparger horizon 
tal as shown in H6. 5. The ?exible elbow S7 and spring 
59 enable the sparger and pipe to be straightened out 
so that they can be inserted down through a top open 
ing in the tank represented by the pipe-like structure 59 
in FIGS. l and 4, and once the sparger is below the tank 
opening it will be biased by the spring to its horizontal 
position. 
The function of the sparger is to dissolve the light 

ends of the gasoline, or vapors, in the gasoline con 
tained in the tank 20. The term “dissolve" as used 
herein is intended to mean that the vapors are taken up 
by the gasoline to become a part thereof so that the gas 
oline is effectively enriched by the vapors and they will 
be burned as fuel by vehicles subsequently refueled 
from the tank 20. 

l have discovered that when the vapors are caused to 
pass through a sparger of the construction herein de 
scribed. which is immersed in the gasoline, substan 
tially all of the vapors (on the order of 99 percent 
thereof) are dissolved in the gasoline. Essentially the 
sparger comprises a labyrinth of microscopic passage 
ways. The vapors are caused to enter these passage 
ways and are forced therethrough. During experimen 
tation with the sparger, visual observation seems to in 
dicate that a portion of the vapors are dissolved in the 
gasoline while in the microscopic passageways, and the 
balance dissolve either at the exit ends of the passage 
ways or during rising of small bubbles of the vapors to 
ward the free surface of the gasoline. 
The sparger structure shown in FIGS. 4 and 5 com 

prises a sintered metal tube having an interior bore 51 
closed at its end 61 and communicating at its opposite 
end with the interior of the elbow 57 and thence the 
pipe 54. This sparger, for a typical installation, is 24 
inches long, 11/4 inches in diameter with a ‘1i; inch wall 
thickness. The powdered metal in a preferred embodi 
ment is stainless steel with a porosity of 40 microns, 
which is to say that some of the passageways are 40 mi 
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10. 
crons in size and there will be many of a smaller size. 
The vapors are delivered from the compression side of 
the vacuum pump 156 through line 54 to the sparger 
55. On the order of 9.8 pounds of vapor may be ex 
pected to be stripped from a charcoal sorbing bed of 
I40 pounds of charcoal during a 20 minute de-sorbing 
period (7 percent desorption) of a typical canister that 
might be utilized in a service station, and this vapor 
would be delivered to the sparger during such 20 min 
ute period. The rate at which the vapors are delivered 
to the sparger would appear to have a bearing on the 
effectiveness of the dissolving of the vapors in the gaso 
line. The pressure on the vapors must of course be suf 
?cient to overcome the static head of the gasoline in 
the tank measured at the level of the sparger so that the 
vapors are forced through the sparger. It would appear 
that the rate of delivery of the vapors will be dependent 
upon the porosity of the sparger and the external sur 
face area thereof exposed to the gasoline. Satisfactory 
results have been obtained, viz. 99 percent recovery of 
the vapors in the gasoline, where the flow rate equals 
approximately 0.49 pounds of vapors per minute and 
the sparger has a 54! inch wall thickness of 40 micron 
porosity and an area exposed to the gasoline of 93.56 
square inches, and is located at least 6 inches below the 
free surface of the gasoline. Greater ?ow rates may be 
possible with the same porosity, wall thickness and 
area, if the sparger is located farther beneath the free 
surface of the gasoline, or if a greater ?ow of gasoline 
is created around the sparger, but for application in the 
typical automotive gas station, the foregoing would ap 
pear to be preferable. 
Upon delivery of the vapors to the sparger, which is 

of course immersed in the cool gasoline in the tank, the 
vapors enter the labyrinth of tortuous microscopic pas 
sageways and are cooled in such passageways and dif 
fused into the gasoline and are thereby taken up by the 
gasoline. I am not certain at this time whether the 
greater portion of the diffusion of the vapors into the 
gasoline occurs within the passageways or at the outer 
ends thereof at the outside surface of the sparger, but 
visual observation seems to indicate that a considerable 
portion of the vapors diffuse into the gasoline within 
the microscopic passageways of the sparger. However, 
vapor bubbles also appear at the outside surface of the 
sparger but disappear almost instantly and therefore 
are diffused into the gasoline. Other bubbles appearing 
on the outside of the sparger begin to rise in the gaso 
line and create a current ?ow of unsaturated fresh gas 
oline around the sparger and such bubbles for the most 
part dissolve before reaching the free surface of the 
gasoline. Such current ?ow of unsaturated gasoline 
around the sparger may also be attributable to the dis 
charge of gasoline (into which vapors have been dif 
fused) from the microscopic ‘passageways of the 
sparger. 

In one example, a tubular sintered stainless steel 
sparger was provided having a 40 micron porosity, an 
CD. of% inch, an ID. of )6 inch and a length of 0.23 
inches. This sparger was immersed horizontally in 3.25 
gallons of Amoco Premium gasoline in a test vessel, the 
sparger being disposed between 1 1 inches and 13 
inches below the free surface of the gasoline. The tem 
perature of the gasoline was 77° F. 

lnto the sparger butane gas was delivered at a tem 
perature of 77° F. and a ?ow rate of 250 cc/min. A ro 
tameter type flow meter capable of measuring flow 
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rates as low as 5 cc/min was connected to the outlet of 
the test vessel above the free surface of the gasoline 
and no exit ?ow was measurable on the flowmeter over 
a period of 4 hours during which the butane was deliv 
ered at the rate of 250 cc/min. At the end of this period 
a more sensitive soap ?lm flow meter was used and the 
exit flow was determined to be 2.47 cc/min. Recovery 
of the butane in the gasoline was therefore on the order 
of 99 percent. At the time of this measurement the 
amount of butane added to the gasoline was about 50 
grams/gallon. Such a concentration is well above that 
which would develop as a result of vapor return to a 
typical storage tank such as shown in FIG. 1 during 
vapor recovery. It has been estimated that the maxi 
mum due to return is on the order of 10 to 20 grams of 
butane and other light ends per gallon of stored gaso 
line. Therefore typical recovery under ?eld conditions 
should be equal to or better than 99 percent. 
Based on visual observations during the foregoing ex 

ample, it appeared that the greater portion of the vapor 
is taken up by the gasoline within the passageways of 
the sparger. While some vapor bubbles appeared on the 
exterior surface of the sparger, few appeared to break 
the free surface of the gasoline. 

in FIGS. 9 and 10 I show a modi?ed form of the 
sparger which provides an upwardly facing sintered 
metal plate 220 of a 40 micron porosity which extends 
over a plenum chamber 222 formed in a box-like struc 
ture 224. with the vapor delivery line 54' entering one 
end thereof. The box may be formed of stainless steel 
sheet metal having an upper rim 226 folded as shown 
and with a gasket 228 overlying the plate to seal the 
plate and box structure together. This sparger structure 
when immersed in the gasoline with the plate disposed 
horizontally and facing upwardly will tend to prevent 
coalescing of any vapor bubbles escaping from the 
plate into the gasoline, and therefore improve the ef 
fectiveness of the sparging action. It is estimated that 
with a sparger of either of the foregoing construction, 
but preferably of that of FIGS. 9 and 10, the sparging 
action will provide a 99 percent recovery of the vapors 
in the gasoline even when the free surface of the gaso» 
line drops to 6 inches above the sparger. 

Burning of Vapors 
Should it be desired to burn the vapors rather than 

return them to the storage tank 20, the vapors may be 
passed through a line 250, shown in phantom to indi 
cate this optional arrangement, and led to a burner 252 
of any suitable construction. 
What is claimed is: 
l. The method of recovering fuel vapors emanating 

from refueling ofa tank with volatile liquid fuel and re 
turning them to stored liquid fuel for subsequent refuel 
ing use, comprising: 

12 
entraining the vapors in an atmospheric air stream as 
they are generated during refueling of the tank, 

collecting the vapor-entrained air stream, 
separating the vapors from the atmospheric air 

5 stream. 
and passing the vapors through a labyrinth of micro 
scopic passageways immersed in stored liquid fuel 
to dissolve substantially all the vapors therein. 

2. The method of recovering fuel vapors emanating 
to from refueling ofa tank with a volatile liquid fuel, com 

prising: 
entraining the vapors in an atmospheric air stream as 
they are generated during refueling of the tank, 

collecting the vapor-entrained air stream, 
separating the vapors from the atmospheric air 
stream, 

and passing the vapors through a labyrinth of micro 
scopic passageways immersed in the liquid fuel to 
dissolve them therein without volatilizing said 
stored fuel. 

3. A vapor recovery system for refueling stations 
comprising, in combination: 

a storage tank for liquid fuel, 
refueling means for delivering liquid fuel from the 
storage tank to a tank to be refueled, 

collection means for collecting fuel vapors generated 
during refueling of a tank by said refueling means. 

separating means connected to said collecting means 
for separating fuel vapors from a mixture of such 
vapors and air, 

means for venting the storage tank to the atmo 
sphere. 

dissolving means connected to said separating means 
and to said storage tank for dissolving vapors and 
returning them to the storage tank. said dissolving 
means comprised of a labyrinth of microscopic pas 
sageways immersed in the liquid fuel, 

and means connecting the upper part of said tank 
above liquid fuel therein with said separating 
means for delivering fuel vapors and air from the 
storage tank to the separator means upon a prede 
termined increase in pressure in the tank. 

4. The method of recovering fuel vapors emanating 
from refueling ofa tank with a volatile liquid fuel, com 
prising: 

collecting the vapors as they are generated during re 
fueling of the tank, 

separating the vapors from atmospheric air with 
which they may be mixed, 
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50 and passing the vapors through a labyrinth of micro 
scopic passageways immersed in the liquid fuel to 
dissolve substantially all of them therein and with 
out increasing the volatilization of the stored liquid 
fuel. 
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