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ABSTRACT OF THE DISCLOSURE 
Apparatus and process for opening an internal com 

bustion engine which comprises adsorbing fuel constituents 
on an adsorbent bed when the engine is not operating; 
thereafter during engine operation desorbing said con 
stituents from said bed first utilizing a hot backwash 
purge and thereafter utilizing a cold backwash purge. 

i 5 

20 

The present invention is broadly concerned with an 
improved method of operating an internal combustion 
engine wherein fuel vapors are prevented from venting 
into and polluting the atmosphere. The invention is also 
concerned with an improved apparatus or device for at 
taining this result. A more specific adaptation of the in 
vention is a method of operating the internal combustion 
engine wherein fuel constituents normally lost to the 
atmosphere are combusted in the engine to secure greater 
mileage. In essence, the method and apparatus of the 
present invention utilize at least one adsorbent bed to 
adsorb vaporized fuel constituents and then deserbs these -- 
fuel constituents and combusts the same in the engine. 
The invention is particularly directed toward a unique 
desorption technique wherein adsorbed constituents are 
efficiently desorbed by the use of a hot-cold purge. 

It is well known that air pollution presents health, 
nuisance, and economic problems, and that the fumes, 
vapors, and gases evolved from internal combustion 
motor vehicles contribute significantly to air contamina 
tion. It is also known that generally these fumes and 
vapors are emitted into the atmosphere from the motor 
vehicle as exhaust gases discharged through the tailpipe, or 
are due to fuel constituents which are emitted through the 
vent in the fuel storage tank and through vents from the 
carburetor bowl. For example, it has been estimated that 
from about 10 to 20% by volume as, for example, about 
15%, by volume of the total vapors and fumes emitted 
to the atmosphere from an internal combustion motor 
vehicle are evaporated from the gasoline tank and the 
carburetor bowl. 
The present invention is particularly concerned with 

the elimination of fuel losses from the vehicle fuel tank 
and carburetor bowl and with their ultimate use in the 
combustion chamber. In accordance with the present in 
vention fuel vapors, such as hydrocarbon fuel vapors, 
alcohol vapors and the like, which are emitted either from 
the fuel reservoir or the carburetor bowl, are adsorbed on 
an adsorbent and thereafter desorbed by a hot-cold purge 
and combusted in the engine. The adsorbent may be any 
suitable material which will adsorb fuel constituents such 
as silica gel, activated carbon, and the like. 
The losses from the fuel reservoir tank are caused by 

factors which include the rising temperature of the fuel as 
the vehicle is operated and rising atmospheric tempera 
tures which cause the reservoir or fuel tank to breathe 
through the vent, or vents, in the fuel tank thereby emitting 
fuel constituents into the atmosphere. In many instances 
the temperature of the fuel reservoir may be from about 70 
20 to 40 F. higher than the atomspheric or ambient 
temperature. 
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Furthermore, after the engine has been operated for a 

period of time and then turned off, the temperature of the 
fuel in the carburetor bowl rises as heat flows to the car 
buretor from the hot engine. The fuel is said to undergo 
a "hot soak." Data have shown that the temperature of 
the fuel in the carburetor bowl can rise to as high as 
about 200 F. after the hot engine has been turned off. 
It has been estimated that the loss from a gasoline tank 
may range from about 2 to 150 grams per day and that the 
"hot soak” loss from the carburetor bowl may range from 
about 2 to 50 grams per "hot soak.” 

Thus, in accordance with the present invention as here 
inbefore mentioned, these fuel vapors are adsorbed on an 
adsorbent and then desorbed by a hot-cold technique and 
combusted in the internal combustion engine. The process 
and apparatus of the present invention may be more fully 
understood by reference to the drawing illustrating an 
embodiment of the same. 

Referring specifically to the drawing, utilizing a single 
adsorbent bed, vaporized fuel constituents from fuel tank 
10 are passed through line 1 and adsorbed in zone 20 con 
taining a suitable adsorbent 21. Liquid fuel is passed to 
the carburetor bowl 30 by means of line 2, pump 3, and 
line 4. Vaporized constituents from the carburetor bowl 
pass into the lower or one end of zone 20 by means of line 
31. Air is passed through filter zone 40 and into carbure 
tion zone 50 where is is mixed with liquid fuel introduced 
from the carburetor bowl. A flapper valve 51 controls 
the amount of air-fuel mixture introduced into intake 
manifold 60. 
When the engine is operating in a conventional opera 

tion, a portion of the incoming air is passed fhrough line 
22 and enters the other end of zone 20 and backwashes 
through the adsorbent, thereby desorbing fuel constituents 
previously adsorbed. The amount of air backwashing is 
sufficient to desorb the adsorbed constituents. The back 
washing air containing desorbed fuel constituents passes 
through line 23 and is introduced into the intake manifold 
60. The rate of backwashing through line 23 into manifold 
60 is controlled by orifice or equivalent means 24, and 
auxiliary equipment (not shown). In essence, as the 
engine moves from idling to full throttle the rate of back 
washing increases. 

In accordance with the specific adaptation of the present 
invention, when the engine is operating adsorbed con 
stituents are removed from the adsorbent by backwashing 
air therethrough utilizing initially a hot purge and then a 
cold purge. This may be secured by a suitable valve timing 
device 70, or equivalent means which initially permits hot 
air to be introduced into the other end of zone 20 by 
means of line 71. The air for the hot purge may be heated 
by any suitable means such as heating coils and the like. 
However, it is preferred to secure the temperature of 
the hot purge by introducing atmospheric air into a mani 
fold device 80 wherein the air is heated by the exhaust 
gases which are introduced into device 80 by means of 
line 81 and withdrawn by means of line 82. These gases 
are heated to a temperature above about 200' F., prefera 
bly to a temperature in the range from about 400 to 
500 F. as, for example, 450 F. 

It is to be understood that under certain conditions ex 
haust gases may be used directly as a backwashing 
medium. Under these conditions no air is introduced by 
means of line 72 but at least a portion of hot exhaust 
gases removed by means of line 82 is introduced into line 
71 by means of line 83. Under certain conditions it may 
be desirable to mix air introduced by means of line 72 
and exhaust gases introduced by means of line 83. The 
temperature of these gases may range from about 700 F. 
to about 800' F. It is also to be understood that in the 
manner of operating as described, a temperature gradient 
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will exist throughout the bed. The temperature of the bed 
at the point the backwashing gases are introduced will 
approximate the temperature of the incoming gases, while 
the temperature of the one end of the bed will approximate 
ambient temperatures. It is also to be understood that it 
is within the concept of the present invention during the 
backwashing cycle to introduce cold air continuously 
through line 22 and in the initial cycle or during the hot 
purge to heat up the gases introduced by means of line 
22 to the desired temperature by mixing therewith heated 
air introduced by means of line 72 or exhaust gases in 
troduced into the system by means of line 83. Generally, 
if the temperature of the bed at the point where the back 
washing gases are introduced is in the range from about 
400 to about 500 F. as, for example, about 450 F., 
a satisfactory operation will be achieved. As pointed out 
heretofore, the gradient temperatures throughout the bed 
will decrease in a manner that ambient temperature will 
exist at the one end of the bed. 

Generally, the time of hot purge is in the range from 
about 2 to 12 minutes as, for example, 3 to 5 minutes. The 
desorption is then continued using a cold purge wherein 
line 71 is shut off and line 22 opened so as to introduce 
atmospheric air into the other end of zone 20. As described 
heretofore, this technique may be modified as desired, by 
the use of exhaust gases, or by the continuous use of cold 
air, and other modifications, etc. In order to further ill 
lustrate the invention a number of operations were con 
ducted utilizing a cold purge only and also utilizing a hot 
purge followed by a cold purge. The adsorbent was char 
coal. The results are shown in the following table. 
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adsorbentbed under conditions to desorb fuel constituents, 
and to produce a first fuel-enriched mixture, introducing 
said first fuel-enriched mixture into the manifold of said 
engine, thereafter under engine operating suction back 
washing cold gas into the other end of said adsorbent bed 
and passing the same through said adsorbent bed under 
conditions to cool said bed and to produce a second fuel 
enriched mixture, introducing said second fuel-enriched 
mixture into said manifold of said engine. 

2. Process as defined by claim wherein said hot gas 
comprises heated atmospheric air. 

3. Process as defined by claim 1 wherein said hot gas 
comprises engine exhaust gas. 

4. Process as defined by claim 1 wherein said fuel is 
a gasoline and wherein said adsorbent is activated carbon. 

5. Process as defined by claim 1 wherein the tempera 
ture of said hot gas is in the range from above ambient 
to 800 F. and wherein the temperature of said cold gas 
is about ambient. 

6. Process as defined by claim 1 wherein the amount 
and temperature of hot gas introduced into said adsorbent 
bed is sufficient to raise the other end of said bed to a 
temperature within the range of about 400 to about 
500° F. 

7. Apparatus for preventing loss of fuel constituents into 
the atmosphere from an internal combustion motor which 
comprises in combination: (1) a fuel reservoir; (2) an ad 
sorption zone having a one end and another end and con 
taining an adsorbent therein, (3) an engine manifold com 
municating with the cylinders of said motor; (4) a first 
conduit characterized by being in open communication 

Time Hydro 
on Cold Temp. of carbon Final 

Time on Hot Purge, Min. Purge, Purge, Removal, Percent Temp. 
in. o F. gn/100gm. in Bed, 

Charcoal o 

4.25 471 9.0 96 104-205 
5.5 438 17.6 89 76-28 
8.5 --80 8.5 43 a-80 

Thus in the conventional operation the full adsorption with said one end of said adsorption zone and the upper 
capacity of the adsorbent is not utilized due to unremoved area of said fuel reservoir; (5) a second conduit charac 
"equilibrium' level of hydrocarbon from the charcoal. terized by being in communication with said intake mani 
However, when following the technique of the present in- fold and said one end of said adsorption zone; (6) a third 
vention utilizing a hot purge, above ambient, in the range 45 conduit characterized by being in communication with 
from about 150 to 800 F. effective removal of the hy- said other end of said adsorption zone and with the at 
drocarbons is secured in about 3 to 5 minutes. The purge mosphere; (7) a fourth conduit characterized by being 
is then changed to cold (ambient) conditions to bring in communication with said other end of said adsorption 
the temperature of the charcoal back to normal so that Zone and a source of hot gases; (8) and a timing device 
effective adsorption can take place as soon as a hot soak 50 programed in a manner that during engine operation hot 
period starts. The adsorbent bed size can be reduced by a gases will be, during an initial period, introduced into the 
factor of 2-3 using this hot purge process. The above table other end of said adsorption zone and subsequent to said 
demonstrates the effectiveness of the process. initial period atmospheric air will be introduced into the 

In its broadest adaptation, the present invention covers other end of said adsorption zone, all gases during said 
the method of operating an engine wherein vaporous con- 55 engine operation passing through said adsorption zone, 
stituents of a fuel are adsorbed on an adsorbent and there- withdrawn from said one end and introduced into said 
after desorbed by a particular technique from said adsorb- manifold. 
ent and introduced into an internal combustion engine. The 8. Apparatus as defined by claim 7 wherein said res 
preferred adaptations are to adsorb vaporous constituents ervoir is the carburetor bowl associated with said engine. 
from liquid fuel reservoirs which are ahead of the car- 60 9. Apparatus as defined by claim 7 wherein the said 
buretor. These vaporous constituents are then desorbed reservoir is a fuel tank associated with said engine. 
by backflowing or backwashing hot and then cold gases 
therethrough by the action of the engine and are in- References Cited 
troduced as an enriched fuel-air mixture into the engine. UNITED STATES PATENTS 
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