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METHOD FOR REDUCING EMISSIONS 
FROM EVAPORATIVE EMISSIONS 

CONTROL SYSTEMS 

This application claims the benefit of U.S. Provisional 5 
Application No. 60/335,897 filed on Nov. 21, 2001. 

BACKGROUND OF THE INVENTION 

2 
capacity for 100% butane vapor ("butane activity," g/100 
g-carbon), and purgeability ("butane ratio"), specifically, the 
proportion of adsorbed butane from the sat_uration step 
which can be recovered from the carbon by an air purge step. 
The multiplicative product of these three properties yields a 
measure of the carbon's etfecti ve butane "working capacity" 
("BWC", g/dL), measured by ASTM 05228-92, which has 
been established in the art as a good predictor of the canister 
working capacity for gasoline vapors. Carbons that excel for 

1. Field of the Invention 10 this application have high BWC, typically 9 to 15+g/dL 
This invention relates to a method for reducing emissions BWC, as a result of high saturation capacities on a 

from evaporative control systems including activated carbon volumetric-basis for butane (the product of density and 
particulate-filled canisters and adsorptive monolith- butane activity), and high butane ratios (>0.85). In terms of 
containing canisters, which monoliths include activated isothermal equilibrium adsorption capacities across all 
carbon, and to using said adsorbing canisters to remove 15 vapor concentrations, these carbons characteristically have 
volatile organic compounds, and other chemical agents from high incremental capacity as a function of increased vapor 
fluid streams. More particularly, this invention relates to concentration (i.e., isotherm curved upward on a semi-log 
using said vapor-adsorbing materials in hydrocarbon fuel graph). This isotherm upward curve reflects the high work-
consuming engines. ing capacity performance feature of these carbons, in that 

• 20 gasoline vapors are adsorbed in high quantity at high con-
2· Description of Related Art (Including Information centrations but readily released in high concentration to an 

Disclosed Under 37 CFR 1.97 and 37 CFR 1.9s) air purge stream. In addition, these carbons tend to be 
(a) Standard Working Capacity Adsorbents granular (somewhat irregularly shaped) or cylindrical pellet, 
Evaporation of gasoline from motor vehicle fuel systems typically of a size just about 1-3 mm in diameter. It has been 

is a major potential source of hydrocarbon air pollution. The 
25 

found that somewhat larger sizes hinder diffusional transport 
automotive industry is challenged to design engine compo- of vapors into and out of the carbon particle during dynamic 
nents and systems to contain, as much as possible, the almost adsorb and purge cycles. On the other hand, somewhat 
one billion gallons of gasoline evaporated from fuel systems smaller size particles have unacceptably high flow restric-
each year in the United States alone. Such emissions can be tion for displaced air and hydrocarbon vapors during refu-
controlled by canister systems that employ activated carbon 

30 
eling. 

to adsorb and hold the vapor that evaporates. Under certain (b) Diurnal Breathing Loss (DBL) Requirements 
modes of engine operation, the adsorbed hydrocarbon vapor Recently, regulations have been promulgated that require 
is periodically removed from the carbon by drawing air a change in the approach with respect to the way in which 
through the canister and burning the desorbed vapor in the vapors must be controlled. Allowable emission levels from 
engine. The regenerated carbon is then ready to adsorb 35 canisters would be reduced to such low levels that the 
additional vapor. Under EPA mandate, such control sy5tems primary source of emitted vapor, the fuel tank, is no longer 
have been employed in the U.S. for ~bout 30 years, and the primary concern, as current conventional evaporative 
during that time gove~e~t regulations have gradually emission control appears to have achieved a high efficiency 
reduced the allowable enuss1on levels for these systems. In of removal. Rather, the concern now is actually the hydro-
response, improvements i~ the control ~ystems have_ been 40 carbon left on the carbon adsorbent itself as a residual "heel" 
largely focused on improvmg the capacity of the activated after the regeneration (purge) step. Such emissions typically 
carbon to hold hydrocarbon vapor. For example, c~rrent occur when a vehicle has been parked and subjected to 
canist~r systems •. containing activate? carbon of ~ruform diurnal temperature changes over a period of several day~, 
capacity, are read1lr capable ~f captun?g and releasmg ~00 commonly called "diurnal breathing losses." Now, the Cali-
grams of vapor dunng adsorptmn and mr purge regeneratton 45 fornia Low Emission Vehicle Regulation makes it desirable 
cycling. These canister systems also must have low flow for these diurnal breathing loss (DBL) emissions from the 
restrictions in order to accommodate the bulk flow of canister system to be below 10 mg ("PZEV") for a number 
displaced air and hydrocarbon vapor from the fuel tank of vehicles beginning with the 2003 model year and below 
during i:efueli~g .. Improvements in activa~ed carb~ns for . 59 mg, typically below 20. mg, ("LE'\'.'~If') for a larger. 
automotive elll1ss1on control systems are disclosed m U.S. 50 number of vehicles beginning with the 2004 model year. 
Pat. Nos.: 4,677,086; 5,204,310; 5,206,207'. 5,250,491'. ("PZEV" and "LEV-II" are criteria of the California Low 
5,276,000; 5,304,527; 5,324,703; 5,416,056, 5,538,932, Emission Vehicle Regulation.) 
5,691,270; 5,736,481; 5,736,485; 5,863,858; 5,914,294; While standard carbons used in the commercial canisters 
6,136,075; 6,171,373; 6,284,705. excel in terms of working capacity, these carbons are unable 

A typical canister employed in a state of the art auto 55 to meet DBL emission targets under normal canister opera-
emission control system is shown in FIG. 1. Canister 1 tion. Furthermore, none of the standard measures of working 
includes support screen 2, dividin~ w_all 3, a vent port 4 to capacity properties correlate with DB~ erni~si~n perfor-
the atmosphere (for when the engme 1s off), a vapor source mance. Nonetheless, one option for meeting enuss10n targets 
connection 5 (from the fuel tank), a vacuum purge connec- is to significantly increase the volume of purge gas during 
tion 6 (for when the engine is running), and adsorbent 60 regeneration in order to reduce the amount of residual 
material fill 7. hydrocarbon heel in the carbon bed and thereby reduce 

Other basic auto emission control system canisters are subsequent emissions. This strategy, however, has the draw-
disclosed in U.S. Pat. Nos. 5,456,236; 5,456,237; 5,460,136; back of complicating management of the fuel/air mixture to 
and 5,477,836. the engine during purge regeneration and tends to adversely 

Typical carbons for evaporative emission canisters are 65 affect tailpipe emissions, i.e., moving or redefining the 
characterized by standard measurements of bed packing problem rather than solving it. (See U.S, Pat. No. 4,894, 
density ("apparent density," g/mL), equilibrium saturation 072.) 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

Another option is to design the carbon bed so that there is 
a relatively low cross-sectional area on the vent-side of the 
canister system (the first portion of the bed to encounter 
purge air), either by redesign of the existing canister dimen- · The disclosed invention relates to the use of multiple beds 
sions or by the installation of a supplemental, auxiliary 5 (or layers, stages, or chambers) of adsorbent materials, 
vent-side canister of appropriate dimensions. This altema- which, in combination, significantly reduce DBL emissions 
tive has the effect of locally reducing residual hydrocarbon while maintaining the high working capacity and low flow 
heel by increasing the intensity of purge for that vent-side restriction properties of the canister system. (See FIG. 2.) 
portion of the bed, thereby improving its ability to retain These adsorbents include activated carbon from a variety of 
vapors that would otherwise be emitted from the canister 10 raw materials, including wood, peat, coal, coconut, synthetic 
system under diurnal breathing conditions. The drawback is or natural polymer, and a variety of processes, including 
that there is a useful limit to which a portion of the bed can chemical and/or thermal activation, as well as inorganic 
be elongated at reduced cross-sectional area without other- adsorbents, including molecular sieves, porous alumina, 
wise incurring excessive flow restriction by the canister pillared clays, zeolites, and porous silica, and organic 
system. In practice, this limit does not allow employing a 15 adsorbents, including porous polymers. The adsorbents may 
sufficiently narrowed and elongated geometry to meet emis- be in granular, spherical, or pelletized cylindrical shapes, or 
sion targets. (See U.S. Pat. No. 5,957,114.) may be extruded into special thin-walled cross-sectional 

Another option for increasing the purge efficiency of a shapes, such as hollow-cylinder, star, twisted spiral, asterisk, 
fuel vapor/air mixture fraction adsorbed in the pores of the confi~u.r:d ribbons, or other _sha~es wit~in the technic'.31 
adsorbent material is suggested by the teachings of U.S. Pat. 20 c~pab1lit1es of the art. In shaping, morgaruc and/or organic 
Nos. 6,098,601 and 6,279,548 by providing a heating capa- bmders may be used. The adsorbents may be formed into a 
bility internal of the canister, or a section thereof, either to monolith or honeycomb part. The adsorbents may be incor-
increase pressure in the vapor storage canister to expel hot porated into a canister as one or more layers, or separate 
vapor through the vapor/purge conduit back into the fuel chambers, or they may be inserted in the fluid stream flow 
tank where it condenses at the lower ambient temperature 25 as auxiliary cani5ler beds. 
therein (' 601) or to increase the purging efficiency of hydro-- One common feature for all of these approaches is to have 
carbons from the heated adsorbent material and carry the a vent-side adsorbent with a relatively flat-shaped isotherm. 
purged fuel vapor to the induction system of an associated This_ isotherm shape is important for reasons related to purge 
engine ('548). However, this increases the complexity of efficiency across the adsorbent bed depth. For an adsorbent 
control system management, and there appears some inher- 30 with a flat adsorption isotherm, the concentration of hydro-
ent safety concerns in providing heating internal of a can- carbon vapor in equilibrium with adsorbed hydrocarbon, by 
ister for trapping fuel vapors. definition, decreases further as the adsorbed hydrocarbon is 

Thus, an acceptable remedy, which does not have draw- remove_d compared with an adsorbent wi~h ~ more steeply 
backs as the cited alternative approaches, is greatly desired. sloped isotherm. Thus, when such a. maten~ 1s employed as 
It is submitted that the invention disclosed and claimed 35 an adsorbent volume on the vent-side region of a canister, 
herein provides the desired solution. purge is able to reduce the vapor concentration in the area of 

the purge inlet to a very low level. Since it is the vapor near 
SUMMARY OF THE INVENTION the purge inlet that eventually emerges as bleed, decreasing 

An invention is disclosed for sharply reducing diurnal this concentration reduces the bleed emission level. The 
breathing loss emissions from evaporative emissions canis- 40 degree of removal of adsorbed hydrocarbon during purge is 
ters by the use of multiple layers, or stages, of adsorbents. determined by the difference between the concentration of 
On the fuel source-side of the canister, standard high work- hydrocarbon picked up in the purge gas and the concentra-
ing capacity carbons are preferred. On the vent-side, the tion in equilibrium with the adsorbent at any point in the bed. 
preferred adsorbent volume exhibits a flat or flattened adsor- Thus, adsorbent in the immediate vicinity of the purge inlet 
bent isotherm on a volumetric basis in addition to certain 45 will be most thoroughly regenerated. At points deeper in the 
characteristically desirable adsorptive properties across adsorbent bed, less hydrocarbon will be removed because 
broad vapor concentrations, specifically relatively low incre- the purge gas will already contain hydrocarbon removed 
mental capacity at high concentration vapors compared with from previous points in the bed. An adsorbent with a flatter 
the fuel source-side adsorbent volume. Tuo approaches are adsorption isotherm will give up less vapor into the purge 
described for'attaining the preferred properties for the vent- so stream and this purge will theri be'more efficient in reducing 
side adsorbent volume. One approach is to use a filler and/or vapor concentrations deeper into the bed. Therefore, for a 
bed voidages as a volumetric diluent for flattening an given quantity of purge gas, it will be possible to reduce the 
isotherm. A second approach is to employ an adsorbent with vapor concentration in a volume of adsorbent with a flat 
the desired isotherm properties and to process it into an adsorption isotherm to a lower level than the concentration 
appropriate shape or form without necessarily requiring any 55 in the same volume of an adsorbent with a steep adsorption 
special provision for dilution. Both such approaches provide isotherm. Bleed emission from such a volume will therefore 
a substantially lower emissions canister system without a be lower when the adsorbent has a flatter adsorption iso-
significant loss in working capacity or an increase in flow therm. 
restriction compared with prior art adsorbents used for A region within a canister containing particulate or in an 
automotive emissions control. 60 adsorbent-containing monolith with the preferred adsorption 

BRIEF DESCRIPTION OF THE DRAWINGS isotherm properties for achieving low bleed emission levels 
will, however, have a relatively low adsorption working 
capacity compared to the activated carbons commonly used 
in automotive evaporative emission control. For example, 
the BWC of a low capicity adsorbent will be about 6 g/dL 
compared to the 9 g/dL to 15+g/dL range as used in typical 
automotive carbons. Therefore, in order to maintain the 

FIG. 1 shows, in cross-section, a prior art canister system. 
FIG. 2 shows, in cross-section, one embodiment-of the 

invention canister comprising multiple adsorbents. 65 

FIG. 3 shows butane isothenn properties for different 
activated carbon adsorbents. 
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required hydrocarbon capacity for normal emission control 
system operation, the low-bleed adsorbent will be used in a 
vent-side auxiliary region within the canister or outside the 
canister in combination with an fuel source-side region 
containing a volume of the high capacity carbon normally 
employed. When two different adsorbents are used, for 
ex.ample, system design will involve providing sufficient 
volume of the high capacity carbon in the main part, or fuel 
source-side, of an emisssion control canister to achieve the 
desired working capacity, and a sufficient volume of the 
low-bleed adsorbent to contain vapor emitted from the main 
bed to such an extent that such vapor does not materially 
affect the bleed emissions from the low-bleed adsorbent. 

6 
these low BWC materials for inclusion into a canister 
system as a vent-side layer to produce low emissions was 
only realized once the dynamics within the adsorbent bed 
were realized (i.e., the significance of low residual vapor 

5 concentration within the vent-side bed volume and the 
interactive effect that the vent-side bed volume has on the 
distribution and diffusion of vapor across the entire canister 
system during the diurnal breathing loss period). 

Therefore, it has been found that the preferred vent-side 
10 adsorbent properties, in addition to a relatively low BWC, 

includes butane ratios between 0.40 and 0.98, which in total 
are substantially different properties compared with adsor­
bents previously conceived as useful for these canister 

In the context of the invention, "monolith" is intended to systems. 
include foams, woven and non-woven fibers, mats, blocks 1s The proposed alternative approaches described above are 
and bound aggregates of particulates. shown to be effective in canister bleed emission control in 

It is notable that the emission of vapor from the main, the following examples. One approach for preparing the 
high-capacity fuel source-side volume of adsorbent into the vent-side adsorbent is to volumetrically dilute a high work-
auxiliary lower capacity vent-side volume is significantly ing capacity adsorbent so that its resulting isotherm is 
affected by the presence of that vent-side volume. During 20 
purge, a vent-side adsorbent volume having a flat adsorption flattened on a volumetric basis. A second approach is to 
isotherm will give up a relatively small hydrocarbon load begin with an adsorbent that has the desired adsorption 
into the purge gas. Therefore, the concentration of vapor capacity and flat isotherm shape and process it into a shape 
carried by the purge gas will be low as it emerges from the or form, such as a pellet or honeycomb. 
low-bleed vent-side volume and enters the high-capacity, 25 A particular preferred embodiment for a canister with 
fuel source-side volume. This allows good regeneration of multiple adsorbents is shown in FIG. 2. FIG. 2 shows a 
the high-capacity adsorbent in the vicinity of the junction of canister system comprising a primary canister body 1, a 
the two adsorbent volumes, and helps protect the vent-side support screen 2, a dividing wall 3, a vent port 4 to the 
volume from emissions from the fuel source-side region of atmosphere, a vapor source connection 5, a vacuum purge 
the canister during diurnal breathing flow. Specifically, the 

30 
connection 6, a fuel source-side region 7, vent-side canister 

greater regeneration efficiency of the fuel source-side vol- regions 8-11 of varying low-capacities, supplemental can-
ume reduces diurnal emissions by retarding the rate of bulk ister body 12, and connecting hose 13 permitting fluid 
phase diffusion across the flow length of the canister system. stream flow from the primary canister body 1 to the supple-
Since bulk phase diffusion is a major mode of vapor trans- mental canister body 12. Additional embodiments, as dis-
port during diurnal breathing conditions, by reducing the cussed above, are also envisioned to be within the scope of 
vapor concentration difference across the flow length of the 35 
canister system by enhanced regeneration, the redistribution the subject of the invention. 
of vapors within the canister system and subsequent emis- The desired results for the subject matter of the invention 
sions into the vent-side volume and out of the vent port are can be attained with a single vent-side uniform lower 
reduced. capacity adsorbent material as the subsequent adsorbent 

Examples of adsorbents with isotherms having the pre- 40 material. The option of multiples of lower capacity adsor-
ferred shape to provide low bleed performance are compared bents with the desirable adsorptive properties across broad 
with standard canister-fill carbons (Westvaco Corporation's vapor concentrations is demonstrated merely as one embodi-
BAX 1100 and BAX 1500) in FIG. 3. It is important to note ment. 
that, as shown in this figure, the isotherm properties must be The measures for gasoline working capacity (GWC) and 
defined in terms of volumetric capacity. On this basis, the 45 emissions in the Table were derived from the Westvaco DBL 
preferred low-bleed adsorbent portion will have an incre- test that uses a 2.1 L canister. The pellet examples were 
mental n-butane capacity of less than about 35 g/liter tested as a 300 mL vent-side layer within the canister, with 
between 5 and 50 volume percent n-butane vapor concen- the 1800 mL of BAX 1500 pellets as the remaining canister 
tration. fill. The honeycomb was tested as an auxiliary bed canister 

While in some instances, known adsorbents may have the 50 that was placed in-line with the 2.1 L main canister of BAX 
preferred properties for the vent-side, these adsorbents 1500 pellets. For all examples, the canister system was 
would not be expected to be useful in an evaporative uniformly first preconditioned by repetitive cycling of gaso-
canister. In some cases, these materials have low purgeabil- line vapor adsorption and air purge (400 bed volumes air). 

This cycling generated the GWC value. Butane emissions 
ity (butane ratio less than 0.85) and low working capacity were subsequently measured after a butane adsorption and 
(BWC less than 9 g/dL) as measured by the standard BWC 55 an air purge step, specifically during a diurnal breathing loss 
test for qualifying canister carbons. Common wisdom and period when the canister system was attached to a 
experience in the art associate low butane ratio with high temperature-cycled fuel tank. The reported value is the znt1 
residual hydrocarbon heel, which is the potential source for day DBL emissions during an 11-hour period when the fuel 
high emissions. Furthermore, low BWC adsorbents were not tank was wanned and vapor-laden air was vented to the 
considered useful for inclusion into a canister system as 60 canister system and exhausted from the vent-side adsorbent 
working capacity for gasoline vapors would be assumed where the emissions were measured. The procedure 
impaired, with no expectation that there would be a utility employed for measuring DBL emissions has been described 
forreducingemissions.Infact,onepreferredembodimentof in SAE Technical Paper 2001-01-0733, titled "Impact and 
this invention, lower capacity adsorbents have BWC values Control of Canister Bleed Emissions," by R. S. Williams and 
preferably below 8 g/dL, which is well below the 9-lS+g/dL 65 C.R. Clontz. 
BWC level normally deemed suitable for use in evaporative Example 1: Microsphere Filler Pellets. These 2 mm 
emission control canister systems. The preferred selection of pellets are an example of the volumetric dilution method by 
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adding a solid filler to the extrusion formulation. The pellets 
were prepared from an extrusion blend consisting of West­
vaco SA-1500 powder (12.8 wt%), solid glass microsphere 
filler (79. 7 wt% PQ Corporation A3000), bentonite clay (7.2 
wt%), and phosphoric acid (0.3 wt %). The pellets were 5 
tumbled for four minutes, dried overnight at 105° C., and 
subsequently heat-treated in steam at 650° C. for 15 minutes. 
An appropriate non-adsorbing filler reduces adsorption 
capacities across all vapor concentrations, resulting in a 
flattened adsorption isotherm ("Example I" in FIG. 3). 10 
Alternative methods for diluting the vent-side region are to 
co-mix adsorbent granules or pellets with inert filler par­
ticles of similar size, to form the extrusion paste into high 
voidage shapes such as hollow cylinders, asterisks, stars, or 
twisted, bent, or spiral ribbon pieces, or to place multiple 15 
thin layers of non-adsorbing particles or porous mats (e.g., 
foam), or simply trapped air space between layers of adsor­
bent. 

8 
matrix. The extrudable mixture is capable of maintaining the 
shape of the monolith after extrusion and during drying of 
the monolith. 

In this example, the extrusion formulation ingredients 
partially dilute the carbon adsorbent, and in addition, the 
adsorbent is further diluted by the open cell structure of the 
extruded part. These cells create more bed voidages within 
the part, compared with a similar bed volume of pellets (65 
vol % voidages for the honeycomb versus 35 vol % for 
pellets or granules). The cell structure and high bed voidages 
have the added advantage of imposing minimal additional 
flow restriction compared with a bed of pellets, thereby 
allowing the honeycomb to be installed to the main canister 
as an add-on auxiliary device of greatly reduced cross­
sectional area (see supplemental canister body 12 in FIG. 2). 

Example 3: Special Precursor Pellets: These 2 mm pellets 
were prepared by selecting the adsorbent to be extruded 
according to its intrinsic flat isotherm adsorption properties. Example 2: Ceramic-Bound Honeycomb. The 200 cpsi 

(cells per square inch) carbon-containing honeycomb is 
another example of the volumetric dilution method. The 
honeycomb in the Table was prepared according to the 
method described in U.S. Pat. No. 5,914,294, which dis­
closes forming an adsorptive monolith comprising the steps 
of (a) extruding an extrudable mixture through an extrusion 
die such that a monolith is formed having a shape wherein 
the monolith has at least one passage therethrough and the 
extrudable mixture comprises activated carbon, a ceramic 
forming material, a flux material, and water, (b) drying the 
extruded monolith, and (c) firing the dried monolith at a 
temperature and for a time period sufficient to react the 
ceramic forming material together and form a ceramic 

20 In this example, there was no special provision for filler in 
the formulation or bed voidage dilution from the extruded 
shape. The ingredients for the extrusion blend producing the 
tested activated carbon pellets consisted of SX 1 grade 
activated carbon produced by NORIT (93.2 wt %) and 

25 sodium carboxymethyl cellulose binder system (6.8 wt%). 
The pellets were tumbled for four minutes, dried overnight 
at 105° C., and subsequently heat-treated in air at 150° C. for 
three hours. 

30 As noted above, the comparisons of these activated car-
bon containing materials, prepared as set forth in the 
examples, is shown in the following Table. 

TABLE 

Perfonnance. Properties, and Formulations for Alternative Vent-Side Adsorbents 

Ceramic- Special 
Filled Bound Precursor Prior Art: High 
Pellet Honeycomb Pellet Working Capacity Carbons 

Fuel source-side BAX 1500 1800 mL 2100 mL 1800 mL 1800mL 1800 mL 
Volume: 
Vent-Side Adsolbent Type: "Ex.. 1" "Ex.. 2" "Ex.. 3" BAX llOO BAX 1500 
Vent-Side Mode: Layer Auxiliary Bed Layer Layer Layer 
Vent-Side Adsorbent Volume: 300mL 200mL 300mL 300mL 300mL 

41 mm diameter x 
150 mm long, 
200 cpsi 

Canister System Performance: 
Westvaco DBL Test 

Gasoline Working Capacity, g: 138 · 144 132 ·143 · 139 
2nd Day DBL Emissions, mg-C4: 29 10 13 88 221 
Note: (I) (2) (3) (4) (S} 
Vent-Side Proeerties (6) 

Incremental Adso!:£tion At 25° C. 

5-50 vol % butane vapor, g/L: 24 16 18 52 80 
Apparent Density, g/mL: 0.869 0.355 0.453 0.358 0.284 
Butane Activity, g/100 g: 7.0 13.1 18.S 39.0 64.7 
BWC, g/dL: 5.7 4.0 5.0 11.9 16.0 
Butane Ratio: 0.929 0.852 0.593 0.852 0.868 

(I) Two DBL Test; Averaged data for GWC (400 bed volume purge) and DBL emissions (150 bed volume 
purge); 2.IL canister, 1500 mL fuel source-side chamber, 600 mL vent•side chamber, fuel source-side chamber 
cross-sectional area 2.5 times the vent-side cross-sectional area. 
(2) Single DBL Test 
(3) Average of three DBL Tests 
(4) Average of three DBL Tests 
(5) Average of six DBL Tests 
(6) Density and BWC by ASTM standard techniques. 

13



r 

US 6,540,815 B 1 
9 10 

The Table shows data for the three examples of these two subsequent volume of vapor adsorbent material are inor-
approaches compared with vent-side layers containing high ganic materials selected from the group consisting of 
working capacity carbons, BAX llOO and BAX 1500. zeolites, porous silica, porous alumina, pillared clays, and 
Compared with the state of the art BAX carbons (the FIG. molecular sieves. 
3), all three of the examples have significantly lower capaci- 5 The invention method includes an embodiment wherein 
ties for butane at high concentrations and considerably the initial volume of vapor adsorbent material and the 
flatter isotherm curves. subsequent volume of vapor adsorbent material are porous 

As shown in the Table, the examples demonstrate reduc- polymers. 
tions in emissions by factors of 3-22 over canisters consist- The invention method includes an embodiment wherein 
ing of only high working capacity carbons. There was either 10 the subsequent volume of vapor adsorbent material exhibits 
no loss or only a slight loss in GWC. adsorption capacities achieved by volumetric dilution. 

A further preferred embodiment of the invention method The invention method further includes and embodiment 
is presented in an evaporative emissions control system for wherein the volumetric dilution is accomplished by the 
a vehicle, the system comprising, in combination, a fuel tank addition of a non-adsorbing filler as a co-ingredient by an 
for storing a volatile fuel, an engine having an air induction 

15 
addition process selected from the group consisting of 

system and adapted to consume the fuel, a canister contain- addition with the activated carbon raw material prior to 
ing an initial volume of fuel vapor adsorbent material for activation, addition with the adsorbent before forming into 
temporarily adsorbing and storing fuel vapor from the tank, a shaped particle or monolith, and a combination thereof. 
a conduit for conducting fuel vapor from the tank to a The invention method further includes an embodiment 
canister vapor inlet, a fuel vapor purge conduit from a wherein the volumetric dilution is accomplished by forming 
canister purge outlet to the induction system of the engine, 20 the adsorbent material into high voidage shapes selected 
and a vent/air opening for venting the canister and for from the group consisting of stars, hollow cylinders, 
admission of air to the canister during operation of the asterisks, spirals, cylinders, configured ribbons, and other 
engine induction system, wherein the canister defines a fuel shapes within the capabilities of the art. 
vapor flow path via the canister vapor inlet through the The method claimed herein includes an embodiment 
initial volume of vapor adsorbent within a first region of the 25 
canister toward the vent/air opening, and an air flow path wherein the volumetric dilution is accomplished by forming 
through a subsequent volume of adsorbent within a second the adsorbent into a honeycomb or monolith shape. 
region of the canister at the vent/air opening and the first The method claimed herein includes an embodiment 
region at the purge outlet, such that fuel vapor formed in the wherein the volumetric dilution is accomplished by the use 
tank flows through the vapor inlet into the initial volume of 30 of inert spacer particles, foams, fibers, and screens external 
adsorbent where it is adsorbed and, during operation of the to the vent-side adsorbent particles and monoliths. 
engine induction system, ambient air flows in a path to and The method claimed herein includes an embodiment 
through the vent/air opening and along the air flow path in wherein the non-adsorbing filler is a solid after processing. 
the canister through the initial volume and the purge outlet Also, the method claimed herein includes an embodiment 
to the induction system of the engine, the flow of air 35 wherein the non-adsorbing filler is volatized or combusted to 
removing a portion of the adsorbed fuel vapor but leaving a form voidages larger than 50 A width within the shaped 
residue of fuel in the initial volume, wherein at least one particle or monolith. 
subsequent volume of vapor adsorbent material comprises a The foregoing description relates to embodiments of the 
v?lum~ ~f 1 % to 100~ of t~e _first volume and_ is located present invention, and changes and modifications may be 
either ms1de of the camster w1thm the second region thereof 40 made therein without departing from the scope of the 
or outside of the canister, and wherein the initial volume of invention as defined in the following claims. 
vapor adsorbent material is characterized by an incremental We claim: 
adsorption capacity at 25° C. of greater than 35 g n-butane/L 1. A method for reducing fuel vapor emissions in auto-
between vapor concentrations of 5 vol % and 50 vol % motive evaporative emissions control systems comprising 
n-butane before routing the fluid stream through at least one 45 the steps of contacting the fuel vapor with an initial adsor-
subsequent volume of vapor adsorbent material wherein the bent volume having incremental adsorption capacity at 25° 
subsequent volume of vapor adsorbent material is charac- c. of greater than 35 g n-butane/L between vapor concen-
terized by an incremental adsorption capacity at 25° C. of trations of 5 vol % and 50 vol % n-butane and at least one 
less than 35 g n-butane/L between vapor concentrations of subsequent adsorbent volume having an incremental adsorp-
5 vol % and 50 vol % n-butane. · · · 50 tion capacity of less than 35 g n-butane/L between vapor 

This invention method certainly includes an embodiment concentrations of 5 vol % and 50 vol % n-butane. 
wherein the second volume of vapor adsorbent material is 2. The method of claim 1 comprising a single subsequent 
located outside the canister in a separate subsequent canister, adsorbent volume. 
but in the flow path of the ambient air to the vent/air inlet and 3. The method of claim 1 comprising multiple subsequent 
the first region. 55 adsorbent volumes. 

This invention method includes an embodiment wherein 4. The method of claim 2 wherein the initial adsorbent 
the initial volume of vapor adsorbent material and the volume and the subsequent adsorbent volume are located 
subsequent volume of vapor adsorbent material are activated within a single automotive evaporative emission control 
carbon derived from materials selected from the group canister. 
consisting of wood, peat, coal, coconut, lignite, petroleum 60 5. The method of claim 3 wherein the-initial adsorbent 
pitch, petroleum coke, coal tar pitch, fruit pits, nut shells, volume and the subsequent adsorbent volumes are located 
sawdust, wood flour, synthetic polymer, and natural polymer within a single automotive evaporative emission control 
having been activated by a process selected from the group canister. 
consisting of chemical, thermal, and combined chemical/ 6. The method of claim 2 wherein the initial adsorbent 
thermal activation methods. 65 volume and the subsequent adsorbent volume are located in 

The invention method includes an embodiment wherein separate canisters that are connected to permit sequential 
the initial volume of vapor adsorbent material and the contact by the fuel vapor. 
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7. The method of claim 3 wherein the initial adsorbent
volume and at least one subsequent adsorbent volume are
located in separate canisters that are connected to permit
sequential contact by the fuel vapor.

8. The method of claim 1 wherein the initial adsorbent 5
volume and the subsequent adsorbent volume are activated
carbon derived from materials selected from the group
consisting of wood, peat, coal, coconut, lignite, petroleum
pitch, petroleum coke, coal tar pitch, fruit pits, nut shells,
sawdust, wood flour, synthetic polymer, and natural polymer to
having been activated by a process selected from the group
consisting of chemical, thermal, and combined chemical/
thermal activation methods.

9. The method of claim 1 wherein the initial adsorbent
volume and the subsequent adsorbent volume are inorganic 15
materials selected from the group consrsting of zeolites,
porous silica, porous alumina, pillared clays, and molecular
sieves.

10. The method of claim 1 wherein the initial adsorbent
volume and the subsequent adsorbent volume are porous 20
polymers.

11. The method of claim 1 wherein the subsequent adsor—
bent volume exhibits adsorption capacities achieved by
volumetric dilution.

12. The method of claim
dilution is accomplished by the addition of a non-adsorbing
filler as a co—ingredient by an addition process selected from
the group consisting of addition with the activated carbon
raw material prior to activation, addition with the adsorbent
before forming into a shaped particle or monolith, and a 30
combination thereof.

13. The method of claim 11 wherein the volumetric
dilution is accomplished by forming the adsorbent into high
voidage shapes selected from the group consisting of stars,
hollow cylinders, asterisks, spirals, cylinders, and config- 35
ured ribbons.

14. The method of claim 11 wherein the volumetric
dilution is accomplished by forming the adsorbent into a
honeycomb or monolith shape.

15. The method of claim 11
dilution is accomplished by the use of inert spacer particles,
trapped air spaces, foams, fibers, and screens external to the
adsorbent.

16. The method of claim 12 wherein the non-adsorbing
filler is a solid after processing. 45

17. The method of claim 12 wherein the non-adsorbing
filler is volatized or combusted to form voidages larger than
50 A width within the shaped particle or monolith.

18. In a method of reducrng fuel vapor emissions in an
automotive evaporative emissions control system compris- 50
ing removing at least one volatile organic compound from a
volatile organic compound-containing fuel vapor by routing
the fuel vapor through a vapor adsorbent, the improvement
comprising sequentially routing the fuel vapor through an
initial adsorbent material—containing volume wherein the 55
initial adsorbent material is characterized by an incremental
adsorption capacity at 25° C. of greater than 35 g n-butane/L
between vapor concentrations of 5 vol % and 50 vol %

15

11 wherein the volumetric 25

wherein the volumetric 4o

12

n-butane before routing the fluid stream through at least one
subsequent adsorbent-containing volume prior to venting to
the atmosphere wherein the subsequent adsorbent-
containing volume is characterized by an incremental
adsorption capacity at 25° C. of less than 35 g n-butane/L
between vapor concentrations of 5 vol % and 50 vol %
n-butane.

19. The method of claim 18 wherein the initial adsorbent
volume and the subsequent adsorbent volume are located in
a single automotive evaporative emissions canister.

20. The method of claim 18 wherein the initial adsorbent
volume and the subsequent adsorbent volume are located in
separate canisters that are connected to permit sequential
contact by the fuel vapor.

21. The method of claim 18 wherein the initial adsorbent
volume and the subsequent adsorbent volume are activated
carbon derived from materials selected from the group
consisting of wood, peat, coal, coconut, lignite, petroleum
pitch, petroleum coke, coal tar pitch, fruit pits, nut shells,
sawdust, wood flour, synthetic polymer, and natural polymer
and activated by chemical and/or thermal activation meth—
ods.

22. The method of claim 18 wherein the initial adsorbent
volume and the subsequent adsorbent volume are inorganic
materials selected from the group consisting of zeolites,
porous silica, and molecular sieves.

23. The method of claim 18 wherein the initial adsorbent
volume and the subsequent adsorbent volume are porous
polymers.

24. The method of claim 18 wherein the subsequent
adsorbent volume exhibits adsorption capacities achieved by
volumetric dilution.

25. The method of claim 2A wherein the volumetric
dilution is accomplished by the addition of a non-adsorbing
filler as a co-ingredient by an addition process selected from
the group consisting of addition with the activated carbon
raw material prior to activation, addition with the adsorbent
before forming into a shaped particle or monolith, and a
combination thereof.

26. The method of claim 24 wherein the volumetric
dilution is accomplished by forming the adsorbent into high
voidage shapes selected from the group consisting of stars,
hollow cylinders, asterisks, spirals, cylinders, and config-
ured ribbons.

27. The method of claim 24 wherein the volumetric
dilution is accomplished by forming the adsorbent into a
honeycomb or monolith shape.

28. The method of claim 24 wherein the volumetric
dilution is accomplished by the use of inert spacer particles,
trapped air spaces, foams, fibers, and screens external to the
adsorbent.

29. The method of claim 25 wherein the non-adsorbing
filler is a solid after processing.

30. The method of claim 25 wherein the non-adsorbing
filler is volatized or combusted to form voidages larger than
50 A width within the shaped particle or monolith.

* * 4‘ * *
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into the

tank flows through the vapor inlet

New Claims:31. In an evaporative emissions control initial volume of adsorbent where it isadsorbed and, during operation of the engine
system for a vehicle comprising, incombination, a fuel tank for storing a induction system, ambient air flows in a path
volatile fuel, an engine having an air to and through the vent/air opening and
induction system and adapted to consume along the air flow path in the canister
the fuel, a canister containing an initial through the initial volume and the purge
volume of fuel vapor adsorbent material for outlet to the induction system of the engine,
temporarily adsorbing and storing fuel vapor the flow of air removing a portion of the
from the tank, a conduit for conducting fuel adsorbed fuel vapor but leaving a residue of
‘vapor from the tank to a canister vapor inlet, fuel in the initial volume,
a fuel vapor purge conduit the im rovement wherein at least
purge outlet to the induction system of the one subsequent volume of vapor
engine, and a vent/air opening for venting adsorbent material comprises a
the canister and for admission of air to the volume of 1% to 100% of the first
canister during operation of the engine volume and is located either insideof the canister within the second

volume of vapor adsorbent within a firste vent]air is characterized by an incremental
region of the canister toward th
opening, and an air flow path through a adsogption capacity at 25°C of
subseguent volume of adso ' greater than 35 g n—butane/L-bed
second region of the canister at the vent]air betWeen vapor concentrations of 5vol% and 50 vol% n-butane before

16
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the subsequent volume of vapor

al is characterized adsorbent material are inorganic materials
adsorbent materi

selected from the group consisting of
by an incremental adsorption

zeolites, porous silica, porous alumina,
capaciry at 25°C of less than 35 g n-

butane between vapor pillared clays, and molecular sieves.
concentrations of 5 vol% and 50 35. The system of claim 31 wherein the
vol% n-butane. adsorbent materialinitial volume of vapor

32. The system of claim 31 wherein the and the subsequent volume of vapor
second volume of vapor adsorbent material adsorbent material are porous polmers.

f claim 31 wherein the

is located outside the canister in a separate 36. The system 0
subsequent volume of vapor adsorbent

subsequent canister.
' ' material exhibits adsorption capacities

olumetric dilution.achieved by v

and the subsequent volume of vapor

adsorbent material are activated carbon volumetric dilution is accomplished by the
addition of a non-adsorbing filler as a co-

m the
derived from materials selected fro

group consisting of wood, peat, coal, ingredient by an addition process selected
coconut, ligpite, petroleum pitch, petroleum from the group consisting of additi

the activated carbon raw material prior to

sawdust, wood flour, symthetic polymer, and activation, addition with the adsorbent
natural polmer having been activated by a before forming into a shaped particle or

onolith and a combination thereof.
process selected from the group consisting m ,38. The system of claim 36 wherein the
of chemical, thermal, and combined

ation methods. volumetric dilution is accomplished by
chemical/thermal activ

17
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voidage shapes selected from the group vent/air opening to permit a continued air
consisting of stars, hollow cylinders,

asterisks, spirals, cylinders, and confiwed flow path through a subseguent volume of
adsorbent within a second region of the

alumni- canister at the vent/air opening and the first
6 wherein the

39. The system of claim 3

volumetric dilution is accomplished by region at a canister purge o ,
forming the adsorbent into a honeycomb or fuel vapor formed in a tank for storing

volatile fuel flows through the canister vapor
ume of adsorbentmonolith shape.

inlet into the initial vol
im 36 wherein the

40. The system of cla

volumetric dilution is accomplished by the where it is adsorbed and, during operation of
an engine induction system, ambient air is

use of inert spacer particles, trapped air

spaces, foams, and screens external to the caused to flow in a path to and through the
vent/air opening and along the air flow path

adsorbent.

41. The system of claim 37 wherein the in the canister through the initial volume and
the purge outlet to the induction system of

non—adsorbing filler is a solid after

processing. the engine, wherein the flow of air removing
’ a portion of the adsorbed fuel vapor but

leaving a residue of fuel in the initial
non-adsorbing filler is volatized or

than 50A volume, and wherein at least one subseguent

width within the shaped particle or comprises a volume of 1% to 100% of the
ther inside ofmonolith. initial volume and is located ei

43. A canister operative for use in
' ion control the canister within the second region thereof

d wherein theautomotive systems for emiss

defined by a canister vapor inlet to permit a or outside of the canister, an
initial volume of vapor adsorbent material is

18
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characterized by an incremental adsorption process selected from the group consisting
capacity at 25°C of greater than 35 g n- of chemical, thermal, and combined

chemical/thermal activation methods.
butane/L-bed between vapor concentrations

6. The canister of claim 43 wherein the
of 5 vol% and 50 vol% n-butane before 4
routing the fluid stream lair flow?| through initial volume of vapor adsorbent material
at least one subsequent volume of vapor and the subsequent volume of vapor
adsorbent material wherein the subsequent adsorbent material are inorganic materials
volume of vapor adsorbent material is selected from the group consisting of
characterized by an incremental adsorption zeolites, porous silica, porous alumina,
capacig at 25°C of less than 35 g n-butane pillared clays, and molecular sieves.

concentrations of 5 vol% and 47. The canister of claim 43 wherein the
between vapor initial volume of vapor adsorbent material

44. The canister of claim 43 wherein the and the subsequent volume of vapor
e of va or adsorbent material adsorbent material are porous polymers.

second volum p

is located outside the canister in a separate

subsequent canister.

50 vol% n-butane.

initial volume of vapor adsorbent material achieved by volumetric dilution.
and the subsequent volume of vapor 49 The canister of claim 48 wherein the
adsorbent material are activated carbon volumetric dilution is accomplished by the
derived from materials selected from the addition of a non-adsorbing filler as a co-
group consisting of wood, peat, coal, ingredient by an addition process selected
coconut li ite etroleum itch etroleum from the group consisting of addition with
coke, coal tar pitch, fruit pits, nut shells,

sawdust, wood flour, smthetic polflper, and activation, addition with the adsorbent
natural polymer having been activated by a

19
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before forming into a shaped particle or

monolith, and a combination thereof.

ster of claim 48 wherein the50. The cani

volumetric dilution is accomplished by

forming the adsorbent material into high

voidage shapes selected from the group

consisting of stars, hollow cylinders,

51. The canister of claim 49 wherein the

volumetric dilution is accomplished by an

adsorbent formed into a honeycomb or

monolith shape.

wherein the
52. The canister of claim 48

volumetric dilution is accomplished by the

inclusion of inert spacer particles, trapped

xternal to the
air spaces, foams, and screens e

non—adsorbing filler is a solid after

processing.

54. The canister of claim 49 wherein the

non-adsorbing filler is volatized or

combusted to form voidages larger than 50A

width within the shaped particle or

monolith.
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Laurence H. Hiltzik, Jacek Z. Jagiello, Edward D. Tolles,
Applicant:

Roger S. Williams

Serial No.: (To be assigned)

Filed:

For:
System”

Examiner: (To be assigned)

Commissioner for Patentsd Trademark Office
United States Patent an
Alexandria, VA 22313—1450

DECLARATION UNDER 37 CFR 1.131(a)

aniel, declare as follows:
1, Terry B. McD

plicants in the instant, abo
ve-identified

1. That I am the attorney for the ap ent
the same applicants in the pat

8, 2002 (referencing benefit of the
US. Patent No. 6,540,815

In which this reissue application is taken;
e Abstract of the Japanese P

“Canister” with the designated ap

on April 1, 2003, fro ublished Patent

2. That I am familiar with th

No. 2002-256989 titled

on date of September 11, 20

plicant

Application Publication 02 (the “Aisan

Aisan Ind. Co. Ltd. and having a publicati

patent”);
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i1 No. EU592640451US
Express Ma

Case Docket No. CHR 2001-79 (Reissue)

al application filing date of SN 60/335,897 and the
3. That both the provision

ent No. 6,540,815, from whichn-provisional filing date of US. Pat this
plication benefits for disclosure purposes, were prior to Sc

subsequent no ptember 11, 2002,

reissue ap

application; C.F.R. 1.131(a), the disclosure of the Aisan patent cannot
4. That, pursuant to 37

instant reissue application: and
r art in the examination of the

be considered as prio herein of his own
further that all statements made

knowledge are true and that at willful false
made with the knowledge th

rther that these statements werebe true; and fu onment, or both, under
punishable by fine or impris

ements and the like so made arestat ements
and that such willful false stat

section 1001 of Title 18 of the United States Code

 2003

Date: October 21 ,

MeadWestvaco Corporation
5255 Virginia Avenue
Post Office Box 118005

29423-8005

Tel: (843) 740-2311
Fax: (843) 746-8494
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Edward D. Tolles
2 Lampton Road
Charleston, SC 29407

Roger S. Williams
900 Boyer Lane
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Approved for use through 07l31l2006. OMB 0651-0031
US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
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10/100,362 March 18, 2002
Application No./Patent No.2 6 I 540 I 815 Filed/Issue Date: April 1 . 2003

  

  
  

Method For Reduci ' ' ' Emissions Controt’: S stems
  Entitled:

  MeadWestvaco . Corporation . a Cor oration "
(Name of Assignee) (Type of Assignee, 9.9., corporation. partnership, university. government agency, etc.)

   states that it is:
1. 5;] the assignee of the entire right, title, and interest; or

    2. El an assignee of less than the entire right, title and interest.
The extent (by percentage) of its ownership interest is —————-—°/o

in the patent application/patent identified above by virtue of either:
 
      A. [ 1 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recordedin the United States Patent and Trademark Office at Reel , Frame . , or for which a copy thereof is

attached.    
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B. [X] A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as shown
bdowi L.H. Hiltzik, J.Z. Jagiello, '
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E.D. Tolles, and R.S. Williafi E
  1. From:

The document was recorded in the United States Patent and Trademark Office atReel 12888 Frame or for Wnich a copy thereof is attached.0474
 

 

 

 

   2. From: WeSstvaco Cormration To: MeagWgszya ggi Cgrggratj Qn
The documentwas recorded in the United States Patent and Trademark Office atReel 13922 , Frame 0.117 , or for which a copy thereof is attached._"/————_—___—_’_—————

 

     3. From: TO'The document was recorded in the United States Fatent and Trademark Office at. or for which a copy thereof is attached., Frame
  

  
 

Reel ________,_ 

    [ ] Additional documents in the chain of title are listed on a supplemental sheet
  x] Copies of assignments or other documents in the chain of title are attached.[NOTE: A separate copy (i.e., the original assugnment document or a true copy of the original document)must be submitted to Assignment Division in accordance With 37 CFR Part 3, if the assignment is to be

recorded in the records of the USPTO. gee MPEP 302.08]

 

     
 The undersigned (whose title is'supplied below) is authorized to act on behalf of the assignee.

szob‘, ‘5 3005 John J. Carrara
Date

 

   
  

 
 

(203) 461—7502

Telephone number

This collection of information is required by 37 CFR 3.7303). The i
USPTO to process) an application. Confidentiality is governed by 3including gathering. preparing, and submitting the completed application form to the USPTO. Time will vaon the amount of time you require to complete this form and/or suggestions tor reducing this burden, shouand Trademark Office, U S Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DOADDRESS. SEND To: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1—800-PTO-9199 and select option 2.
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THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER
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REFERENCED BELOW. S NOTICE. THE
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SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 05/09/2002I NUMBER OF PAGES: 3
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5255' VIRGINIA AVENUE
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CHARLESTON, SOUTH CAROLINA

29423—8005
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Express Mail No. EF370311201US
Case Docket No. CHR 2001-79

U. S. Serial (Non—Provisional) No. 101 100, 362

ASSIGNMENT

LAURENCE H. HILTZIK, residing at 191 Broad Street, Charleston,' ' 6240 Old Point Road, Apartment #41,
. O, resrdmg at

06, EDWARD D. TOLLES, residing at 2 Larnpton Road,' ing at 900 Boyer Lane,

South Carolina 29407, ' d useful improvements in METHOD
' ginia 24450, have invented cert

FOR REDUCING EMISSIONS FROM EVAPORATIVE' tates Non-Provisional Patent Application Serial No.
for which we have

10/100 , 362 on March 18,
/ id to us by WESTVACO

, cod and valuable consideration paCORPORATION, a corporation of the State of Delaware, and having a place ofbusiness atWestvaco Corporation, Charleston Technical Center, 5255 Virginia Avenue, P. 0. BOX 118005,Charleston, South Carolina 29423—8005, the receipt of which is hereby acknOwledged; _
ch 18, 2002, WE DO HEREBYsuccessors and assigns, , and interest in and to saidEffective Mar

and any Letters Patent
CORPORATION, its tion for the United States and all foreign countries,

visional patent application therefor in the Unite' ' e such Letters Patent in accordance
ating the premises.

application and inven
to be issued from a non-pro
elsewhere. The Commissioherewith. And we agree to execute proper for efiecm

 
Date: March 26,' 2002

2002
Date: March 26 ,

DaterW

Date: Merck "LS , 2001
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STATE OF VIRGINIA -

BEFORE ME, aNot

Ro er S. Will
the foregoing instrument, and he

WITNESS my hand

SEAL

iams, to me known an

Ca

U.S. Serial (Non-Provisional) No.

) ss:

$01: OWE: )
my?

and seal this .

ublic in and for said
d known to be the perso

s it to be his ‘act and deed.

Qiéd 

se Docket No. CHR 2001-79
10/100 , 362

State, personally appeared
n described in and who executed

ay of 7744“}, 2002. _

AC”. 4W :
Notary Public

My Commission expires: [a ' 30 ’0

38

 



39

MAIL NO. EF370311201US
Case Docket No. CHR 01-79

Serial No.: 10/1 00,3 62
File Date: 3/18/02

EXPRESS

CERTIFICATE UNDER 37 CPR. 1.10(a)
'th the United States

I hereby certify that this correspondence is being deposited W1
ess Mail in an envelope addressed to the ASSistarlt Commissioner for

Postal Service as Expr
2002 _

Patents, Washington, DC 20231,on May 9,
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Express Mail No. EF37031120105
Case Docket No. CHR 2001-79

U. S. Serial (Non-Provisional) N0. 101100: 362

ASSIGNMENT 

WHEREAS, we, LAURENCE H. HILTZIK, residing at 191 Broad Street, Charleston,
South Carolina 29401, JACEK Z. JAGIELLO, residing at 6240 Old Point Road, Apartment #41,
Charleston, South Carolina 29406, EDWARD D. TOLLES, residing at 2 Lampton Road,
Charleston, South Carolina 29407, and ROGER S. WILLIAMS, residing at 900 Boyer Lane,
Lexington, Virginia 24450, have invented certain new and useful improvements in METHOD
FOR REDUCING EMISSIONS FROM EVAPORATIVE EMISSIONS CONTROL SYSTEMS
for which we have filed a United States Non-Provisional Patent Application Serial No.

10/100 ' 362 on March 18, 2002;
/

NOW, THEREFORE, for good and valuable consideration paid to us by WESTVACO
CORPORATION, a corporation of the State ofDelaware, and having a place of business at
Westvaco Corporation, Charleston Technical Center, 5255 Virginia Avenue, P. O. Box 118005,
Charleston, South Carolina 29423-8005, the receipt of which is hereby acknOwledged;

Effective March 18, 2002, WE DO HEREBY ASSIGN unto the said WESTVACO
CORPORATION, its successors and assigns, all our right, title, and interest in and to said
application and invention for the United States and all foreign countries, and any Letters Patent
to be issued from a non-provisional patent application therefor in the United States and
elsewhere. The Commissioner of Patents is requested to issue such Letters Patent in accordance
herewith. And we agree to execute further instruments proper for effectuating the premises.

  
Date: March 26," 2002 La ence H.1—Iiltzik

7; Jieé Z. Jagiello

2’ ’1‘
Edward D. Tolles

lfir/fljfildhi
Date: Mm“ 13.2001 Roger s. Williams

mew

Date; March 26, 2002
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Case Docket No. CHR 2001 -79

US. Serial (Non-Provisional) No.

BEFORE ME, a Not

Laurence H. Hiltzik, Jacekz Z. Jagiello, and Edward
the persons described
acknowledge it to be their act and deed.

WITNESS my hand and seal this 26th day 0

ary Public in and for said State, p
D. Tolles, to me known and known to be

in and who executed the foregomg mstrume

10/100, 362

ersonally appeared

nt, and they duly

fMarch 2002.

SEAL ' : ag g _
Notary Public 3% J9 ,w/é

My Commission

) ss:

BEFORE ME, aNotary Public in and for said
Roger S. Williams, to me known and known to be the person
the foregoing instrument, an

 
WITNESS my hand and seal this

d he duly acknowledges it to be his 'a

expires:

State, personally appeared
described in and who executed

ct and deed.

mmofl, 2002. _‘9 % day of

SEAL _M
' Notary Public

. My Commission expires: [‘3 ' 30 ’0
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Express Mail No. EU592640451US
Case Docket No. CHR 2001-79 (reissue)

Applicant: LaurenceRoger S Williams

Serial No.2 (To be assigned)

October 21, 2003Filed:

For: “Method for Reducing Emiss1ons from Evaporative Emiss1ons Control
System”

Examiner: (To be assigned)
//

Commissioner for Patents
P. O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:
for reissue ofUS. Patent No.

The above-described application is an application

claiming more or less than he had a right to claim in the paten.

out of an error in conduct, which error was made i

became the ’815 patent.
for sharply reducing diurnal

The specification of the patent discloses a process
'ssions control system canisters by the use of

breathing loss emissions from evaporative em1

multiple layers, or stages, of adsorbents. The disclosed and claimed process specifies that on
rking capacity carbons are preferred;

the fuel source--side of the canister, standard high wor
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Case Docket No. CHR 2001—79 (reissue)

preferred adsorbent volume exhibits a flat or flattened
whereas, on the vent-side, the

ertain characteristically desirable
olumetric basis in addition to c

adsorbent isotherm on a V
ons, specifically relatively low

5 across broad vapor concentrati
adsorptive propertie

ors compared with the fuel source-
acity at high concentration vap

side

incremental cap

the Invention at col. 3, lines 39-60.)
volume. (See the Summary of

g at col. 4, line 1 includes
adsorbent

The discussion of the “Description of Related Art” beginnin
ods and canisters for reducing auto emissions of volatile

—of-the art meth

ght or suggested the method, as
a review of state

at no prior art document either tau
organics. It was shown th

ded in prior art auto emission co
ntrol

anister, as disclosed, to be inclu
claimed, and/or the c

ght adsorbents, whether of a single
icular, the prior art canisters tau

systems. Inpart
materials, of uniform character and properties.

or material or of a mixture of
component carbon as the adsorbent

or art canisters using activated
particularly, a review of the pri

anics from the fuel (whether
More

(and retention) of volatile org
shows that increased adsorbtion

een achieved by increasing the
ank or from the engine) to have b

emanating from the gas t
'sing and unexpected to find, as

did the

'ssue application, that providing a lower activity

-position (in relation to vapor flow through the

n adsorbent therein to effectively reduce the problem of
ter) to the higher activity carbo

anics from the emission contro

canis
1 system canister.

diurnal bleeding ofvolatile org
icants’ disclosure in view of the ginalprior art teaching, all of the ori

In light of the appl

allowed and subsequently issued in the ’815 patent.
claims (1-30) were

atentees claimed less than they
ow been appreciated that the p

had a right to

It has n
e. Specifically, the

e instant application for reissu
claim in the ’8 1 5 patent, necessitating th
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’815 patent and the application from which it sprang, as
subject matter of the invention of the

ed. Throughout the application
originally filed, disclosed more than the process as claim

of the process were disclosed, but went unclaimed.
disclosure, novel and unobvious elements

In particular, the disclosure beginning at col. 9, line 12 through col. 10, line 41, which
er adsorbent configuration in the

discloses a particular embodiment of the improved canist

context of an improvement of the auto emissions control system (new claims 31 - 42) and,
within such disclosure, one embodiment of the canister element in the disclosed auto emission

stem (new claims 43 - 54). This reissue application is made, under 35 U.S.C.
induction sy

§251, for the purpose of claiming such subject matter.
dded claims 31-42 claim the disclosed canister successive (or

Therefore, newly a

n an auto emission control system, and
sequential) adsorbent orientation as an improvement i

closed embodiment of the canister element of the
newly added claims 43-54 claim the dis

subject matter of the invention. It is respectfully submitted that, for their patentability status

for allowance. Such action by the Examiner is earnestly
added claims 31-54 are in condition

solicited.

Res ect lly submitted,

 
Terry .

Attorney for the Applicants
Registration No. 28,444

Date: October 21, 2003
5255 Virginia Avenue
Post Office Box 118005
Charleston, SC 29423-8005
Telephone (843) 740-2311
Fax (843) 746-8494
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UNITED STATES PATENT AND TMDEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of 1

PATENT NO. : 6,540,815 B1
DATED : April 1, 2003
INVENTOR(S) '. Laurence H. Hiltzik et 31.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

  Title page,
Item [56], References Cited, U.S. PATENT DOCUMENTS, insert:
-- 5,957,114 9/1999 Johnson et 31.

6,078,601 8/2000 Reddy -—. 

 Drawings,

Sheet 1, beneath Figure 1 delete “Prior Art.”

 
 

 

 
Column 8,

Table, Footnote 1, delete

 

“Test” and insert therefor —- Tests --.

 
 

 
  

 Signed and Sealed this

Twenty-sixth Day ofAugust, 2003

JAMES E. ROGAN

of the Unired States Patent and Trademark Oflice
 

 
Director
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ITED STATES PATENT AND TRADEMARK OFFICE
IN THE UN

In re Application of: Laurence H. Hiltzik, Jacek Z. Jagiello, Edward D. Tolles, and
Roger S. Williams

 
Provisional Filed:
Statutory Filed: March 18, 2002
Reissue Filed: October 21, 2003

Provisional Serial No. 60/33 5,897
Serial No.: 10/100,362

For: “Method for Reducing Ermssrons from Evaporative Emissions Control

Dear Sir: r an invention
n special as being f0 g to theetition to make this applicatio ent of mankind by contributinApplicants hereby p ce the quality of the environm

which will materially enhan
sustaining

of one of the basic life-
er, or soil.(a) restoration ents — air, watnatural elem

' e of one of the basic life-sustaining
ents — air, water, or soil.
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Mail No. EU592640451US
Express

01-79 (Reissue)
Case Docket No. CHR

1. Accompanying material

Accompanying this petition is a declaration by

dapphcant

Lapplicants’ attorney
erially contributes to category (3) or (b) set forth above.

explaining how the invention mat

2. Fee
s required for this petition.

In accordance with 37 C.F.R. §1.102(c), no fee i

 
0. 28,444Registration N

October 21, 2003
5255 Virginia Avenue
P. O. Box 118005
Charleston, South Carolina 29423-8005
tel (843) 740-2311
fax (343) 746-8494
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Case Docket No. CHR 01-79 (Reissue) 

RADEMARK OFFICE
THE UNITED STATES PATENT AND T
 

In re Application of: Laurence H. Hiltzik, Jacek Z. Jagiello, Edward D. Tolles, and
Roger S. Williams

Provisional Filed: November 21, 2001
Statutory Filed: March 18, 2002
Reissue Filed: October 21, 2003

Provisional Serial No. 60/335,897Serial No 10/100,362 — Patent No. 6,540,815, Issued 4/1/03
For: “Method for Reducing Emissions from Evaporative Emissions Control

Systems”

Examiner:
umber: 36876Customer N

P. O. Box 1450
Alexandria, VA 22313-1450

DECLARATION IN SUPPORT OF
ON TO MAKE SPECIAL UNDER . . .

Dear Sir:

1, Terry B. McDaniel, Esq., declare as follows:
attomey-of-record for applicants in the above-identified application and,f, am fully aware of the nature of the invention

ecification and claims thereoementation, of its ability to materially enhance the
1th hazards (which is a basis for granting a petition to

(1) 1 am an

having drafted the sp
' ' 'ficance and, on impl

ribes a method for sharply reducing diurnal breathing
(2) The instant application desc tive emissions control systems by providing multiple

'cle fuel systems is aloss emissions from automotive evapora ' f gasoline from motor vehitive industry is challenged to

ntain, as much as possible, the almost one billion
nited States alone. Such

m fuel systems each year in the U d carbon to adsorb and hold
s that employ activate

promulgated that require a change in

major potential source 0
design engine component
gallons of gasoline evaporated fro
emissions can be controlled by canister system
the vapor that evaporates. Recently, regulations have been
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ect to the way in which vapors must be controlled. Allowable emission
Id be reduced to such low levels that the primary source of emitted

focus, as current conventional evaporative
f removal. Rather, the concern

drocarbon left on the carbon adsorbent itself as a residual “heel” after the
ally occur when a vehicle has been parked andSuch emissions typic days, commonly calledhanges over a period of several

' d combination ofhigh working capacity

the approach with resp
levels from canisters wou

vapor, th '
emission control appe

now is actually the hy

regeneration (purge) step.
subjected to diurnal temperature c
“diurnal breathing losses.” '
carbons on the fuel source-Si
provides substantially lower diurnal breathing emissi

'n flow restriction) compared wit
capacity or increase 1

' for automotive emissions control systems.

I declare further that all statements made herein of my own knowledge are true and that' ' d to be true and, further, that these
all statements made on informationstatements were made with the knowledge that willful false statements and the like so made areat such false statements

punishable by fine or imprisonment, or both, under 18
may jeopardize the validity of this document and the app '

h Carolina, this let day of October, 2003.
Signed at Charleston, Sout

%.ich2nieii
Attorney for the Applicants
Registration No. 28,444

5255 Virginia Avenue

P. O. Box 118005
Charleston, SC 29423-8005
Tel (843) 740-2311
Fax (843) 746-8494
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Applicant: L. H. Hiltzik, J. Z. Jagiello, E. D. Tolles, R.

Serial No.: (to be assigned)

Filed: October 21, 2003

OD FOR REDUCING EMISSIONS FROM
For: METH

SYSTEMS

Examiner: (to be designated)

Customer No.2 36876

S. Williams

Group Art Unit: 1724

EVAPORATIVE EMISSION CONTROL

//

Commissioner of Patents
P. O. Box 1450
Alexandria, VA 22313-1450

MORMATION DISC

Dear Sir:

Examiner to the following references:

LOSURE STATEMENT

wishes to call the attention of the

PATENTEE ISSUE DATE
U.S. PATENT NO.

4,677,086 McCue et al. 06/30/87
4,869,739 Kanome et a1. 09/26/89
4,894,072 Turner et al. 01/16/90
5,204,310 Tolles et al. 04/20/93
5,206,207 Tolles 04/27/93
5,207,808 Haruta et al. 05/04/93
5,238,470 Tolles et al. 08/24/93
5,250,491 Yan 10/05/93
5,276,000 Matthews et al. 01/04/94
5,304,527 Dimitri 04/19/94

1
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Pf—

Williams, R. S. and C. R. Clontz.

International Publication

Virginia, Society of

Express

Case Docket

PATENTEE ISSUE DATE
McCue et a1. 06/28/94
Kasuyu et 211. 08/16/94
Arai 10/18/94
Krohm 01/03/95
Reddy 04/25/95
Baker 05/16/95
Wakashiro et a1. 10/10/95
Yamazaki et a1. 10/10/95
Yamazaki et a1. 10/24/95
Hyodo et a1. 12/26/95
Hunt et a1. 01/09/96
Yan et a1. 07/23/96
Maeda et al. 10/15/96
lshikawa 1 1/18/97
Miller 11/25/97
Miller 04/07/98
Miller 04/07/98
Miller et al. 01/26/99
Park et a1. 06/22/99
Itakura et a1. 06/22/99
Chino 08/03/99
Johnson et al. 09/28/99
Reddy 08/08/00
Bragg et 211. 10/24/00
Park et a1. 01/09/01
Reddy 08/28/01
Park et a1. 09/04/01
Yamafuji et a1. 12/03/02

“Impact an

Automotive Engineers,

No. WO 92/01585, (Tenniso
Vapour Recovery,” PublicatiProcess For

Japanese Publication No. 10-339218, (N
Fuel,” Publication date December 22,

2

96

Inc. 2001.

1998.

(1 Control of Canister Bleed Emission

n, Stephen Robert et al.) “Ap
on date February 6, 1992.

akano, Masaru et al.) “Treatment Devi

Mail No. EU592640451US
No. CHR 2001-79 (reissue)

s” Covington,

06 Of Evaporative
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No. EP 1 094 032, (Uchino, Massachi et a1.) “Formed Active Carbon and
European Publication ” Publication Date April 25, 2001.

Process For Producing The Same,

European Patent Application EP 1 113 163, (Uchino, Massahi et a1.) “Fuel Vapor Treatment
Canister,” Publication date July 4, 2001.

James Duff et 31.) “Process For The
International Publication No. WO 01/62367, (MacDowall, ixtures Containing Them,” Publication

Adsorption Of Organic Vapours From Gas M
date August 30, 2001.

“Diurnal Breathing Loss Control Canister
Korean Publication No. KR 2002 012826, (OH, W.S.)d Thereof,” Publication Date February 20,

Module System and Constructing Metho
2002.

Japanese Publication No. 2002-256989 (Katsuhiko, Makino et a1.) “Canister” Publication Date
11/9/02.

Copies of these references are submitted herewith along with form PTO-1449.
ative of the state of the art in this area.

These references are cited as being represent he earlier prosecution of the US. Patent
All the above cited art have been previously addressed intindividually addressed as follows:
No. 6,540,815 except the following, which are

e et al. teaches a fuel vapor collecting device
arbon particles contained in the

tivated carbon particles containing heat

distributed therein and having a specific heat which is larger than that of
an activated carbon. The patentees provide no disclosure or suggestion of separate beds of
activated carbon adsorbents of differing activities. The applicants claim no “accumulating solid
fillers” distributed within their activated carbon adsorbent particles.

US. Patent No. 4,869,739 to Kanom
ated carbon receivmg ccomprising: an activ

g chamber, each of the acactivated carbon receivin
accumulating solid fillers

US. Patent No. 5,238,470 to Tolles et a1. teach the chemical activation of a' ' 'th a chemical activation agent in a
carbonaceous material, preferably lignocemanner to produce a plastic intermediate pro y minimize the
macropore structure of the activated carbonaceous material. Densification is followed by increasing
the temperature of the shaped product at a controlled rate to from about 425° C. to about 650° C.-phase activated carbons
The patentees teach their product to be a “high activity, high density gas about g/lOO em}, but do
produced are characterized by butane working capacities from above 15 tonot even suggest its use in an auto canister in conjunction with an activated carbon of reduced
activation.
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Case Docket No.

e emission control system
861 to Arai teaches an evaporativ dating an adsorbent

ent accommodating chamber for accommo
ation chambe

US. Patent No. 5,355,

including a canister having an adsorb r formed in said canister;

therein, said canister includes: a vapor-liquid separa liquefaction accelerating agent which is fibrous or long strip-shaped and filled in an upperportion of said vapor-liquid separation chamber; a fuel storage chamber disposed in a lower portionof said vapor-liquid separation chamber for storing a separated liquid fuel; and said vapor—liquiding with said adsorbent accommodating chamber. The patent
separation chamber communicatdisclosure does not teach or suggest the applicants’ claimed invention.

5,377,644 to Krohm teaches both
fuel components for an engine, in
llecting volatile fuel components ch is controlled to supply

inlet through a metering valve, whi
timize engine performance by a controlled feed of the

rding to the particular engine oper
sure of the applicant ’ ' '

method and apparatus for
eluding a container with aUS. Patent No.
from the fuel store. The storagecollecting and metering volatile

regenerable storage device for co
device is connected to the engine fuel
the previously collected components to op
volatile components into the fuel mixture acco
There is no suggestion by the patentee’s disclo

US. Patent No. 5,482,023 t

including a fuel vapor canister having an
internal chamber of the canister is fluidly connec
closed shut-off valve is fluidly connected betwee
closed purge valve is fluidly connected in between the interior 0
manifold. There ends the similarity to the applicants’ claimed invention.

0 Hunt et a1. teaches a cold start fuel control system
filled with fuel absorbent material. This

Additionally, a normally

paratus for treating fuel vapor
mprises a canister having a vapor
with the engine‘s air intake

e “activated carbon

US. Patent No. 5,687,697 to Ishikawa teaches an ap
leis provided. The apparatus co

generated in a fuel tank of a vehic tlet communicating
inlet communicating with the tank, a vapor ou' and an adsorbent. The adsorbent is taught to b
passage by way of a purge line,or the like.” In the disclosed configuration the canister is heated and the temperature of thee efficient separation of the volatile compounds for separation

is suggested to providehis permits mor

from the exhausting gases. Although in system with two tailpipes it' ' ' ' g activations of adsorbents
separate canisters for each tailpipe, there IS no suwithin the same canister. Thus, there is no suggestion of the applicants’ claimed invention.

adsorbent raised. T

a vapor treatment system incorporated
e vapor treatment system comprises a vapor

rbent is taught to be “an

amic, or organic vapor adsorbent such as
honeycomb-shaped.”

no teaching of a

with an automotive fuel
rbent canister containing

inorganic vapor

high polymer vapor
(Of course, activate
vapor adsorbent canister c

adsorbent such as activated carbon or cerS is granular, massive or
adsorbent. The vapor adsorbent ”) Nevertheless, there is
d carbon is organic, not “inorganic.

ontaining vapor adsorbents of differing activities.
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Case Docket No.

s a formed activated carbon for a fuel vapor
der with clay, a metal powder and/or a metal

, forming the mixture and
lairned invention.

EP 1094032 to Tennex Corp. teache
device made by kneading activated powd and/or a phosphorus compound

and a boron compounbody. This does teaching does not suggest the applicants’ c
collecting

oxide powder,

firing the green

JP 10339218 to Tennex Corp. teach
an aim to improve fuel adhesive and withdrawal pevice (canister) is taught to be active carbons produced by adhering heatles comprising a metal or an inorganic material which has a higher heat transfer(1 with activated carbon and a high heat capacity. When the heated evaporative' transferred to the heat accumulating

fuel is adsorbed by the activated carbon, the heat generated 15cles so that the temperature rise of the activated carbon is suppressed. By suppressing theithdrawn by

e of the activated carbon, when the adsorbed compounds are wengine operation, a temperature decline of the activated carbons at such' the heat reduction occurs primarily in the heat accumulating

es technology similar to EP 1094032 to Tennex
erformance. The adsorbent in a

(see above) with
evaporative fuel d
accumulating partic
coefficient compare

parti
temperature ris

JP 02256989 to Aisan Industries deals more directly with the problem addressed byplicants in minimizing the diffusion phenomenon within the adsorbent' evaporative emission control system.the instant inventors/ap anister, a first layer of an
material within a canister as an element
The applicants of theactivated carbon having a high adsorption and weak holding of anactivated carbon having a middle a ' (1 weak holding force, thereby having littleted fuel to the atmosphere afier

remaining fuel after purging; thus, suppressing rister under a high temperature. The canister configuration appears similar to thatght to be the same.
leaving the canclaimed by applicants, but the mechanism for reduced diurnal bleeding is not tauThe applicants’ high activity carbon possess a relatively high holding force, and the suppression ofdiurnal bleeding of the evaporated volatile compounds results from the metering effect of the' ' on, before
transference of sai er activity carbto the atmosphere. ' '
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onstitute an admission that the
the above citations c tuting the closest art ofAs a matter of fact, none of laims; they are cited only as consti

references are relevant or material to the c
which the applicant is aware.

R spectfully Submitted,

 
Attorney fo , the Applicants
Registration No. 28,444

Attachments

Dated: October 21, 2003
5255 Virginia Avenue
Post Office Box 118005
Charleston, SC 29423-8005
Tel: (843) 740-2311
Fax: (843) 746—8494
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RECOVERY

APPARATUS AND PROCESS FOR VAPOUR

relates to the recovery of gasoline
The present invention

from mixtures of gasoline vapour and air.
vapours

Gasoline vapour is emitted from motor vehicles
gasoline engines as a consequence of displacing gasoline vapour from

k during refuelling (refuelling losses). It is alsond fuel
5 the fuel tan ation from the engine a

nsequence of evapor anding

r is
system either w ion of gasoline vapou

after use (diurnal losses). The emiss
considered to be undesirable.ready fit carbon canisters to eliminate thee in

Manufacturers a1 5 disc

r emitted when the eng
10

ch an arrangement i ine
diurnal losses and su

GB 1 416 336. The car

tationary after use.

g air through the ca

The carbon canister is then regenerated by
uum generated in the,

r recovered from the

is s
nister using the vac\

drawin
at the gasoline vapou

inlet manifold so th

le is stationary is quite small so
5 thought to be

le operation the vapours emitted
satisfactory.

are continuousl

Refuelling a

20
n almost empty

esponding to the volume of the fuel tank i£ it is
gasoline vapour although

led) saturated with
00 km. This is

'mately once every 6
r for a typicalonly occurs approxi

ent to approximately 150-200 g of vapou
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European car (

legal restriction
rel

re

10 storage tanks.

dealing wit

canisters won

_15

25

30

the gasoline vap

g on the composition of the vapour.
e US and in Europe to

saline vapour which me
One method proposed

ram

60 L tank) dependin

proposals both in th
impose

There are

5 on the amount of go y be.
ling.

ling of the vapour f

to the engine back to the storage tank from
led. This however is an expensive ' ‘

_and the work

eased into the atmosphere during refue
meet such legal requirements is the recyc

often with underground

sirable to find a simple method of
xtension of the use 0

quired g stations,
f adsorbent,

h the problem by an e blem'in trying
There is however a pro

nted in vehicles.

Although the overall weight 0:
quite small the reg
it takes to fill'a n

uirement to

our to be adsorbed is ormal

the 2--3 minutes that
id make it necessary to use as much as 5 litres

Such large quantities of ca
e restricted engine

rbon

y be provided in th
aloon cars.

ducing the size of th
Howe

e canister is to use a

ver we have found that

e by drawing air

ge quantity of
y would adsorb a lar

quantitiesbut only smallhe carbon bed. Thethrough t

pour on the first c
gasoline va

ycle,

9 carbon the adsorption of gasoline
The optimum activ res in the smallthereafter. pore volume with po

nm diameter). This maximises both
n and the regenerability

However the

vapours is one which has a high
(approximately 2

mesopore range
pacity of the carbo

the adsorption ca king capacity.
argest possible wor

is still limited toresulting in the l
r typical gasolinesworking capacity to

ht predominahtly broximately 5% weig y the difficulty of
rating the bed.

1 416 336 discusse

3??
e of

regene dvantages of the us

GB
5 some of the dies

g the carbon by a
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3

particulate macroreticular substantially non—ionogenic,
water—insoluble polymer having a specified surface area, porosityAmong the polymers which may be used are
and average pore d

poly

10

15

20

25 the g

30 g

iameter.

nzene .
mers of divinyl be polymers are not

ine adsorbents. The porous polymers
7 for gasoline vapour and are easily

saturation capacit nents of the
lecular weight compo

are not held strongly
bed and

regenerated. However the lower mo
gasoline vapour,

gh on the polyme

pe into the atmosp

d butane,
such as propane an

ough the adsorbent
r and thus break thr

enou here after a comparatively short time th
pacity of the bed.

preferably to pre

simplify the manufa
e of two different

‘ g the working carestrictin pare an adsorbent
cturing process.

adsorbent

In principle it is always
material so as to

r found that the us

ficiently marked a
We have howeve y the

materials give suf
increased complexity.

dvantages to justif

According to the present invention
a vehic

receive an adsorbent,
5 characterised in

ad a bed of

carbon and

'ne storage tank,
to a gasoli o the atmosphere, i

and a vent t
adsorbent polymer aa gasoline engine,

r contains a bed of
that the caniste

h that the vent ope
carbon arranged suc

as inlet and gas outlet open into th
The present invention further provide above.

6 of adsorbing

re of air and

and then

invention a metho

passing the mixtu
f adsorbent polymer,

subsequently regene

s first through the

adsorbent polymer.

g to the present_
r from air comprises

rough a first bed o
and

Accordin

gasoline vapou

asoline vapour though a bed of adso rating the
bent beds by passin

t carbon and then t

g to another aspe

rbent carbon,

g a stripping ga

hrough the bed of

thr
bed of

adsor

adsorben

Accordin

gasoline engine
35 for operating a
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air displaced from the fuel tank while refueling the vehicle througha first bed of adsorbent polymer, and then through a bed of an “radsorbent carbon so as to adsorb high molecular weight components of'ff
the gasoline on the polymer and lower molecular weight components of

5 the gasoline on the carbon, and subsequently operating the engine sobed of adsorbent carbon and then through

the bed o

engine.

y of

carbons already

use of the carbon '

e layered bed can
ister allows the use

r before feeding the

gasoline engines.
h the polymer adsor

quirement for the ma
Using convent

air to the engine,

mponents will

fuel before the

the conventional active.
However the

bent bed in ‘

y of activeof a wider variet

jority of pores to be small Hz

ional premium European_

 
-articulate macroreticular,

luble polymers hav
a porosity of 25% t

10 to 10000 mz/g.
2 nm to 2000 nm.

e obtained by pol
The monome_

diameter of

25 used are thos
'tions.

producing cond1
ethylenically unsaturated monomer
to 1001 by weight, based on the we1g

nucleus, and alkyl divin
ethyl groups substitute

We believe that the 5
go 200 to 2000 mzlg, and

urface at

in the ran ’n the

35 significant volume of pores 1

108

substantially non—

ing a Specific sur

Among specific pol

ymerising under macr

' ht of the charge,

d in the benzene n

ionogenic,

face area in the range-
d an average pore 4

ymers which may be
oteticular polymer

0 05%, an

of 1 or more

alkyl vinyl benzenes having

ea of the

that the pol

range 1 nm to 50 nm for
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11 as larger pores for gas transfer.
adsorption purposes, mer of a mixture

rticularly preferred

a major amount of d

polymer is a copoly
ivinyl benzene and a minor amount of

“Ambersorb XADA"containing r the designation

working
5 by Rohm & Haas Inc. d will depend on the

pacity ofVThe quantities of adsorbent usethe working adsorbing ca
of the polymer,

the quantity of gasol'
ion period and the

adsorbing capacity

the active carbon,tween each regenerat time available for
for use

be

10 regeneration
e total volume of

in a canister useabl

car th

litres.The optimum amount of the two different adsorbents to be usedThe designated ratios

will depend on the design of the canister.
rence. to

to atmosphere. ith the ' Sabin?
and the vent

In figure 1 wh
ich shows a canister w

ratio refers

and the vent

to the volume of adsorbent between
In the canister s tween the

t in the canister be
The optimum

phere (in).
e to bend the vent to atmos

h the type of gasolin
rbon will vary wit

range 3:7 to 7:-3,

y 4. 5:5. 5 to 5. 5:4 5.
25 h:6 to 6:4, s of the two adsorbe

m for different types
f the canister syste

For the higher
regions of the world.

e ratio of polymer

e the performance 0optimis
e used in different

of gasolin d in Europe a volum
fuels typically use

For lower vol
atility fuels itvolatility red.

n volume ratios of g

mer) will be desirable.
ister and the disp

about 1:1 is prefer reater than 1:1
30 to carbon of

is believed that polymer to carbo
ive amounts of poly

Depending on gn of the can d above may correspon
the ratios describe

dsorbent polymer and a

(ie larger relat
osition of

d to a

inlet and vent,the
' ely large bed of a

35 canister having a relativ
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Howaver this will not necessarily .
small bed of carbon.

ent use of the adsorbents.

invention will now be illustrated with reference

relatively

correspond to the most effici to the

The

d the following experiments.drawings an

1 view of one form of a

present invention, and

'agramatic view of an alternative
ntion.

r according to the inve
(l) is provided

1 a cylindrical canister

g downwardly into the b
ter through slots a

Referring to Figure

gas inlet (2) extendin
e canis

ided at the top of the c

ody of the

t its lower .

10

with a

r and opening into th

pour outlet (3) is prov
hich may allow air to b

A perfo

canistc anister. A

end. A va

vent (A), w anister is
15 provided at

oth enter or leave the c

rated plate (5) is mount

ich serves to urge the plate (5) upwards so a-s to keep

ed above

the lower end.

springs (6) wh
aterial in the upper p

tate. The upper part 0

ehicle inlet manifold (3

any adsorbent m f the canister between th
into its packed s ) and the vapour inlet
connection to the v ymer particles. The

layers.' The.upper

ilst the lower

tmospheric vent (A) is filled with carbon
f bed (i) to bed

(7) of adsorbent pol

polymeric adsorbent wh
layer

(8), closest to the alayer ratio of the volume 0

tie a. 5:15. 5 to 5.5:a.5_.

inlet (2) is connecte

e '5 fuel tank connected by
0 the

d by piping i

priate valves to the vehicles fuel tank and t
piping and appro m and crankcase.

cles fuel inlet syste
iate valve to the engine,

30 o a carburettor. The

inlet or outlet of gas to the outside
is reiueled gas displa

h inlet (2). Outlet (3) can be

35 closed so the gh it to the engine

P rM-rnra. v 110

The outlet

ced from the fuel

but this is
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not essential.

pass th

adsorbent carbon.

5 through th

components ou

regenerating th

10 particularly in re

vehicles. The cani

gas outlet (13) tog

at the top of the ca

asbestos insulating s

15

20

25

30

35

elongated {low path is

(13) on the one hand a

Wire mesh or perforated

adsorbent particles in p

vehicle fuel tank during r

PCT/GB91/01269

from the fuel tank will
Gasoline vapour evaporating

rough inlet (2) into th

sorbed gasoline vapour
e vent (A) and will sweep ad

The air will then paSs
t of the adsorbent carbon.

e adsorbent materials in the canister.

e refueling of motor

gas inlet (12) and a
11 provided

ducing emissions during th

star (11) is provided with a
These are a

15) covered with an

(11) so that an

et (12) and-outlet

ether with a vent (14).

nister. A metal divider (

heat (16) divides canister

provided between the inl
The canister

'11ed with two types 0
, and a similar bed of ads

plates (19) and glass fib

orbent carbon (18).

re (20) hold the

osition.

gasoline vapour

efueling passes into the

displaced from a motor

canister through

lymer (17) and

) through which

In use air containing

at (12) and passes through the bed of adsorbent po
n the bed of adsorbent c

inl
arbon (18) to the vent (14

When the canister is to be
osed by a valve

rough outlet

h vent (lb)

the
osphere.

s discharged to the atm
o the fuel tank can be c1

it i

regenerated the connection t
(not 5hown) and a connection is opened to the engine th

rough outlet (13) to the engine.
5 and to transport it th d'by

particle

In the experiments set out below experiments identifie
n and experiments identif

number are examples of the inventio

111



112

-éfi?$%_.-

WO 92/01585 PCT/6391101269 ‘

n adsorbent canister of the type shown in Figure 1 having a
a carbo

capacity of 1.1 litre and filled with a commercial particulateubjected to cycles of (a)
The engine was s

running,

and (b) standing, in which gasoline vapour R was vented to the
before air from the tan

through the canister
or a considerable numbe

atmosphere. After use i

give a fully aged carbon,t
determine the working capacit

he Table.
10 carbon. The result is shown in t

period of gasoline adsorption.
Comparative Test 3

An experiment was carried out as in Comparative Test A
particles were removed

except

from the canister which was
that the carbon

then loaded with a ymer (1.1 litre packed
.volume) which was a
styrene sold under t

The working capac

gasoline adsorbing pol
polymer of divinyl be

15 nzene containing some ethyl

he commercial designat' “ambersorb XADA“.
ity of the polymer was determined as in

Comparative Test A.

20 Example 1
An experiment was carried out as in Comparat

ive Test B, except

nister connected to the fuel tank and
loaded with the carbon

ith the adsorbent polym

e lower part of the ca of Test A,

er of Test

that th

ed to the engine wasthe air fe

per part was loaded wwhile the up

25 B. Both adsorbents Were fully aged. ne—adsorbing polymer and
quantities of gasoli

re 3:1 by packed vol

city of the mixtur

eration with a standa

absorbent carbon we ume.
The working cape

of six cycles of the op

30 The I

determine

the relative

results are given in Table l.
35

a. save...“ A -_-.....
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TABLE

womcms CAPACITY

5 (g)

10

15

e canisters,-

ascribed

in steel

ests with typical vehicl

out with the equipment d
were contained

In addition to these t

laboratory tests were carried
below. The two adsorbent beds

t could be separated an
20 vessels tha Each Vessel was A cm in d

nd desorption cycle.

d up to 80 m1 of adsorbe
The two beds were cont

adsorption a plugs

and could hol

nt held in place between

ained in a water bath

as simulated by passing

1 min of nitrogen through
d at 20°C in a water

bon bed in series.

e total flow from

of glass wool. e w
\

oduced by bubbling 83 m

eaded 95/85 gasoline hel

er bed and then the car

ntre of each bed and th

maintained at 53C. The adsorption cycl
25 gasoline vapour, pr

200 ml Eurograde unl

bath, through the polym

ecorded as a function of time. The

30 composition of the effluent
The adsorption cycle w

pectrometer (mainly d
The gas f

The

d the two

rned to

the mass 5 low was then stopped an
eakthrough.

is partial br
ed and weighed.beds were isolat two beds were then retu

35 the water bath.
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through

used for a £1

the 40 minutes t
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10

ied out by reversing the nitrogen flow
rate of A85 mllminutes was'

After

Desorption was carr
An average flow

the two beds.
5 for the desorption cycle.

'xed time of 40 minute bath

5 and weighed.

Comparative Tests C and D

inventio

capacity in b

vessels containe10

or 80 mls of a typic

15

first bed is fil

20

30

35

second bed with 8

D.

increas

polymer/

) are not according to the present
sts C and D (table 2

n and show the breakth
oth 2 weight and g/li

d either 80 m1 of the

al extrudate active ca

Te
rough time in minutes and the working

tre for the tests wher
XADA (test C)

eboth

porous polymer,

rbon recommended for use

demostrate the dramatic improvements
y when thend the working capacit

and thetime to breakthrough a
porous polymer,

les 2 the carbonIn Examp

n used in comparative test

s l and 2 that the

led with 80 m1 of the

0 ml of activated carbon.

a comparison of table
It can be seen from hithe

city compared to bot
most identical

rbon/carbon beds is al
ilst the actual working

bably du

e in the working capa

polymer bed and the ca

e laboratory test pro

h criterion. This

'ty of the laboratory test method.

Examples 3 to 7 demonstrate the use of different activatedls were not
t bed. These materia

s in the second adsorben
ion for evaporative em

carbon ission-

lume'butg the normal criterselected usin mall mesopore (an) vo
s of maximising the s

It can be seen that the

achieved with Sutcliffe
The relative

canister carbon
rous active carbons.

were typical micropo
e dual bed system was

periorance for th

'Speakman ACGIOC,
e of the activated car

d system
bons in the dual be

he carbons
n butane capacity of t

shown in table 2;

performanc
er with the saturatio

pacity which are also
correlates bett

These'

than the working ca
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fit of the dual bed canister,
1ts demonstrate a second bene

n now be selected to maximise the
resu

namely that the carbon component ca
generally poorer regeneration

butane adsorption capacity without the
luencing the working

capability of the microporous carbons inf
5 capacity. . .

Table 2 - Cyclic Performance of Laboratory Test - twin beds
each of 80 ml capacity.

 
Breakthrough Working Capacity Butane Adsorption

10
' 2 weight g/litre Saturation Working

XADb/XADA

15 AC1/AC1
XADA/AC45

XADA/GIOC

XADA/GAC6166

XADh/AS IV

20 XADA/WS IV

s 7 and 8
Comparative Test E and Example as used for tests C and D and Examples

The same test conditions d form

3 examples of a less preferre

25 of the present invention. 2 to 6 the ratio of polymert in

In examples 7 to 8 the volume of adsorben
to carbon was 50:50.

cond bed has been reduced to 16 ml. The polymerzcarbonthe se

volume ratio in tests F and G was 83:17.

30

35
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Table 3

Test Materials

t ime (minute 5) 5 E XADh/XADA

7 XADA/SS208C

10 As the total bed volume has been reduced from 160 mls to 96 mls
,the breakthrough times and working capac1t1es in table-3 cannot be
compared directly with those shown in table 2. t

15

20

25

30

35
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Claims:

1. A canister for at
tachment to a vehicle fuel tank, said canister

and having a gas

ed to a gasoline storage tank, a gas
d to a gasoline engine, and a vent to

let adapted to be connects
is characterised

in that the canister contains a bed
the atmosphere,

bent polymer and a bed of

o the bed of carbon and the

carbon arranged such that the vent
5 of adsor gas inlet and gas outlet open

opens int
of adsorbent polymer.into the bed

according to claim 1 wherein
the volume ratio of

2. A canister and the vent to
n the gasoline vapour inlet

e range 3:7 to 7:3.

ding to Claim 2 wherein th

adsorbent betwee

10 atmosphere is in th e volume ratio is in

3. A canister accor
5:5.5.

the range 4:5:5.5 to 5.
to claim 1 wherein the canis

ter contains a

A. A canister according

relatively large bed of adsorbent polymer and a relatively small bed
15 of carbon. . ‘ \e of the preceding claims wherein

5.

the adsorbent having a specific surface
water insoluble polymer

y of 251 to 851, and an10 to 1000 mHg, a porosit

r of 2 nm to 2000 nm.

g to any one of the preced

non-inorganic,

area in the range

20 average pore diamete
6. A canister accordin

ing claims wherein

the polymer has a surface area in the range 200 to 2000 mzlg and
range 1 to 50 nm.

ne of the preceding clai

he range 500 ml to 5 lit

contains pores in th ms wherein

A canister according to any 07. res.

25 the total volume of adsorbent is in t
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10

15

operating the engine so as to draw air though t _
carbon and then through the bed of absorbent polymer before feedingf
the air to the engine. ' '

20

25

30

35
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14

e engine equipped with a
r vehicle with a gasolin any one of the preceding8. A moto

f adsorbent polymer, and then through a bed of adsorbent ‘-
and subsequently regen

a stripping gas first through th
e bed of adsorbent polymer.

5 by passing-

n and then.

bed 0
erating the adsorbent bed

carbon,
e bed of adsorbent carbo

through th

10. A proce

comprises passing air displaced from t;
h a first bed of adsorbent polymer,

the vehicle throug

through a bed of an adsorbent carbon so as t
weight components 0 he gasoline on the carbon, and subsequently
weight components of t he bed Of adsorbent

118 4. .

o adsorb high molecular

f the gasoline on the polymer and lower molecular
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(57)Abstract: V

PROBLEM TO BE SOLVED: To improve fuel-adhesive
and withdrawal performances of active carbons used in a
treatment device of an evaporative fuel.

SOLUTION: An evaporative fuel generated in a fuel tank .
9 or the like is introduced into a vessel 3 which
constitutes a canister C at the time of an engine stop.
Granular adsorbents 18 of active carbons are packed in
the vessel 3. The adsorbents 18 of active carbons are

produced by adhering heat accumulating particles 18b
comprising a metal or an inorganic material which has a
higher heat transfer coefficient comparing with active
carbons and a big heat capacity, almost Uniformly, on
the surface of a granular adsorptive base material 18a

comprising active carbons. The evaporative 'fuel
introduced into the vessel 3 is adsorbed by the active carbons in the adsorbents 18. The heat
generated by the active carbons at the time of the adsorption is transferred to the heat
accumulating particles 18b, so a temperature rise of the active carbons is suppressed. The
fuel adsorbed in the adsorbents 18 is withdrawn by introducing air from an air port 13 into the
vessel 3 at an operation time of the engine, and sent to an intake pipe 12 of the engine and
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treated. A temperature decline of the active carbons at a withdrawal time of the fuel is

prevented by taking away a retained heat of the heat accumulating particles 18b.
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(54) Fuel vapor treatment canister

(57) A tuel vapor treatment canister tor controllably
storing and releasing luel vaporlrom a fuel tank and the
like oi an automotive vehicle. The fuel vapor treatment
canister comprising a casing having first and second
end walls between which an inside space is formed. The
first end wall has a first Opening in communication with
a luel tank, and a second opening in communication with
an air intake passage of an engine. The second end wall
has a third opening in communication with the atmos-
phere. The inside space includes first and second cham-
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bers. The tirst chamber is located closer to the first end '
wall than the second chamber. A partition wall is dis-

posed to divide the inside space into the first and second
chambers.The partition wall structure has an air penne-

ability and a heat insulating ability higher than that of
metal. A first luel vapor adsorbing material is disposed
in the first chamber. A second fuel vapor adsorbing ma-
terial and a heat-accumulative material are disposed in
the second chamber. The heat-accumulative material is
larger in specific heat than the second luel vapor ad-
sorbing material.
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(54) Fuel vapor treatment canister

(57) ' A fuel vapor treatment canister for controllably bers. The first chamber is located closer to the first end
storing and releasingfuel vaportrom afuel tank and the wall than the second chamber. A partition wall is dis-
like ol an automotive vehicle. The fuel vapor treatment posed to divide the inside space into the first and second
canister comprising a casing having first and second chambers.The partition wall structure hasan air perme-
end walls between which an inside space is tormed.The ability and a heat insulating ability higher than that of
first end wall has a first opening in communication with metal. A first tuel vapor adsorbing material is dispos d
a fueltank, and a second opening in communication with in the first chamber. A second fuel vapor adsorbing ma-
an air intake passage of an engine. The second end wall terial and a heat-accumulative material are disposed in
has a third opening in communication with the atmos- the second chamber. The heat-accumulative material is
phere.Theinside spaceincludesfirst and secondcham- larger in specific heat than the second tuel vapor ad-

sorbing material.
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Description

BACKGROUND OF THE INVENTION/

1. Field of the Invention

[0001] This invention relates to improvements in afuel
vapor treatment canister which is adapted to temporarily
store therein fuel vapor generated in a fuel tank andthe
like and to release the stored fuel vapor at certain tim-
ings to be burnt in an engine in order to reduce the
amount of fuel vapor emitted from the fuel tank and the
like of a vehicle provided with the engine.

2. Description of the Prior Art

[0002] Hitherto most automotive vehicles are
equipped with a fuel vapor treatment canister including
fuel vapor adsorbing material (for example, crushed or
granulated activated carbon) stored in a casing. Fuel va.
por generated from a fuel tank is adsorbed by the fuel
vapor adsorbing material, and then the adsorbed fuel
vapor is desorbed from the fuel vapor adsorbing mate-
rial at certain timings and carried to a combustion device
(for example, combustion chambers of an engine, or a
combustibles-burning device of a vehicle equipped with
a fuel cell) under the action of air flowing through the
fuel vapor adsorbing material. This prevents fuel vapor
from being released into the atmosphere. It will be un-
derstood that fuel vapor is generated in the fuel tank, for
example, in the following cases:

(a) When an automotive vehicle is allowed to stand,
fuelvapor is generated at a high temperature in the
daytime under a temperature change between day
and night.

(b) When the vehicle is stopped after its cruising
(particularly after its high speed cruising), heat of
an engine at a high temperature is transmitted to
the fueitank or the like. At this time, the temperature
of the fueltank or the like abruptly rises so that fuel
vapor is generated in the fuel tank or the like.
to) When fuel is supplied into the fuel tank, fuel va-
por is generated in the fuel tank.

[0003] A typical example of such a conventional fuel
vapor treatment canister is disclosed in Japanese Pat-
ent Provisional Publication No. 9-112356 and will be dis
cussed with reference to Fig. 13A.
[0004] The fuel vaportreatment canister 101 includes
a casing 102C. The casing 102C includes a cylindrical
casing body 102 which is provided at its one end with a
first end wall 103. and at the other end with a second
end wall 104. The first end wall103 has a pipe defining
therein a communication opening 103a which is in com-
munication with the atmospheric. The second end wall
104 has an upper pipe defining therein a fuel vapor inlet
opening 104a which is in communication with a fuel tank
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so that fuel vapor is flown in through the opening 104a.
The second end wall 104 further has alower pipe definv
ing therein a fuel vapor outlet opening1o4b which is in
communication with an air intake passage of an intake
system of an internal combustion engine (not shown) so
thatfuel vapor is flown out through the opening 104b. A
perforated dish-like plate 107 is disposed inside the cas-
ing body 102 and located adjacent the second end wall
104. The dish-like plate 107 is formed with aplurality of
through-holes (not identified) and has a cylindrical
flange section (not identified) which isfitted to the inner
surface of the casing body 102 and in contact with the
second end wall104 so that a space 106 is defined be-
tween the dish-like plate 107 and the second end wall
104. A sheet-like filter 108 formed of a non-woven fabric
of polyester or a sheet of polyurethane foam is disposed
inside the dish~like plate 107 so as, to be in contact with
the dish-like plate 107.

[0005] A pedoraled plate 110 is disposed inside the
casing body 102 and located adjacent the first end wall
103. Two compression springs 112, 112 are disposed
between the perforated plate 110 and the first end wall
103 so as to define a space 109 inside the casing body
102. A filter 111 similar to the filter 108 is disposed inside
and in contact with the perforated plate 110. A chamber
or inside space Fla between the filter 108 and the filter
111.The chamber Ra is filled with a fuel vapor adsorbing
material Afa and a heat-accumulative material A2a
which is higher in heat conductivity..and specific heat
than the fuel vapor-adsorbing material A1 a-whic‘h are in
a uniformly mixed state.
[0005] in operation. fuel vapor flowing in the canist r
101 through the opening 104a is adsorbed by the fuel
vapor adsorbing material A1 a. At this time, the distribu—
tion of concentration of the adsorbed fuel is as shown
in Fig. 138 in which the concentration of the fuel vapor
is gradually saturated from a side near the second end
wall 104 to a side nearthe first end wall 103. When th
adsorption state has reaches a level at which fuel vapor
is adsorbed by a portion of thefuel vapor adsorbing ma-
terial A1 a located near the first end wall 103, fuel vapor
is released in an amount according to the concentration
of the adsorbed fuel vapor at the portion through the
opening 103a. his to be noted that heat is generated so ‘
as to raise the temperature of the fuel vapor adsorbing ‘
material Ata when fuel vapor is adsorbed by the fuel
vapor adsorbing material A1 a. A fuel vapor amount c r-
responding to fuel vapor adsorbing ability of the fuel va-
por adsorbing material Afa increases as the tempera-
ture rises. However, the heat generated by the fuel va-
por adsorbing material A1 a is absorbed by the heat-ac-
cumulative material A2a thereby preventing the temp r-
ature of the fuel vapor adsorbing material A1a from ris-
ing. This prevents the fuel vapor amount corresponding
to the fuel vapor adsorbing ability from being lowered.
[0007] In the intake stroke of an operational cycl of
the engine, vacuum is generated in the air intake pas.
sage of the engine and transmitted through the opening
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104b into the casing 1020. Accordingly, atmospheric air
is introduced through the opening 1035 into the casing
102C so as to develop air stream toward the opening
104b. Under the action of this air stream, fuel vapor (hy-
drocarbons) adsorbed by the fuel vapor adsorbing ma-
terial At a is desorbed and sucked through the opening
with and the air intake passage into the engine to be
combusted in the engine.

[0008] As shown in Fig. 14A, during desorption of the
fuel vapor adsorbed bythe fuel vapor adsorbing material
At a after fuel vapor adsorption indicated in Fig. 138, the
concentration of the absorbedfuel vapor (or afuel vapor
residual level) takes a mode indicated by curves Vt
which indicates the case where the fuel vapor adsorbing
material Ata and the heat-accumulative material A2a
are disposed in the chamber Fia. For reference, a curve
V2 indicates a case where only the fuel vaporadsorbing
materialAt a such as activated carbon is disposed in the
chamber Ra.

[0009] Additionally, as shown in Fig. 148, during ad-
sorption of fuel vapor by the fuel vapor adsorbing mate-
rial Ata afterfuel vapor desorption of Fig. 14A, the con-
centration of the absorbed fuel vapor takes a mode in-
dicated by a curve V3 which indicates the case where
the fuel vapor adsorbing material Ata and the heat-ac-
cumulative material A2a are disposed in the chamber
Fia. For reference, a curve V4 indicates a case where
only the fuel vapor adsorbing material A1 a such as ac-
tivated carbon is disposed in the chamber Ra. Fig. 148
reveals that the fuel vapor residual level (the concentra-
tion of the adsorbed fuel vapor) at the respective posi-
tions in an axial direction of the canister is low in the
case where the fuel vapor adsorbing material At a and
the heat-accumulative material A2a are disposed in the
chamber Fia as compared with that in the case where
only the fuel vapor adsorbing material At a is disposed
inthe chamber Ra. This is because, in case that the fuel
vapor adsorbing material Ata and the heat-accumula-
tive material A2a are disposed in the chamber Fia, heat
accumulated in the heat-accumulative material A2a is
transmittedtothe luelvapor adsorbing material At a dur-
ing desorption of fuel vapor from the fuel vapor adsorb-
ing material At a, so that the temperature of the fuel va-
por adsorbing material At a is prevented from lowering
thereby increasing the amount of fuel vapor desorbed
from the fuel vapor adsorbing material Ata.
[0010] It will be understood that, in Fig. 148, the dif-
ference between the concentration of absorbed fuel va-
por and the fuel vapor residual level at the side of the
first end wall corresponds to the amount of fuel vapor
desorbed from the fuel vapor adsorbing material Ate.
Fig. 148 also reveals that the amount of fuel vapor ad~
sorbed by the fuel vapor adsorbing material Ata at the
respective positions in the flow direction of air and fuel
vapor in the chamber Fit a is large in the case where the
fuel vapor adsorbing material Ata and the heat-accu-
mulative material A2a are disposed in the chamber R
as compared with that in the case where only the fuel

131
1113l53A7 | >

10

15

2O

25

30

40

45

50

55

vapor adsorbing material Ata is dispos d in the cham-
ber Ra. As a result. the amount of fu I vapor released
from the canister to the atmosphere increases at a time
when the amount of fuel vapor adsorbed by the fuel va-
por adsorbing material Ata is not so large, in the case
where only the fuel vapor adsorbing material Ata is dis-
posed in the chamber Ra as compared with that in case
where the fuel vapor adsorbing material Ata and the
heat-accumulative material A23 are disposed in the
chamber Ra. This is because, in case where only the
fuel vapor adsorbing material Me is disposed in the
chamber Ra, the temperature of the fuel vapor adsorb-
ing material Ata increases owing to heat generation at
adsorption of fuel vapor to thefuel vapor adsorbing ma-
terial At a thereby decreasingthefuel vapor amount cor-
responding to the fuel vapor adsorbing ability.
[0011] As appreciated from the- above, it may be ad-
vantageous to use the fuel vapor adsorbing material
Ata and the heat-accumulative material A2a in the
chamber Ra in order that adsorption and desorption of
fuel vapor in the canister is required to be quickly ac-
complished.

SUMMARY OF THE INVENTION

[0012] However, drawbacks have been encountered
in the above conventional fuel vaportreatrnent canister,
as discussed below. For example, when the engine is
started and is operated at high speeds upon depression
of an accelerator pedal under a condition in which a
large amount of fuel vaporhas been adsorbed inthetuel
vapor adsorbing material in the canister provided with
the fuel vapor adsorbing material and the heat-accumu-
lative material in the whole inside space or chamber
(Ra) thereof, fuel vapor adsorbed in the fuel vapor ad-
sorbing material is abruptly desorbed from the fuel vapor
adsorbing material. At this time, the fuel vapor adsorbing
material makes its temperature lowering owing to rapid
desorption of fuel vapor from the fuel vapor adsorbing
material; however, the temperature lowering can b
suppressed upon receiving heat releasedfrom the heat-
accumulative material. Accordingly, in case that the
heat-accumulative material is.used mixed with the fuel
vapor adsorbing material, the temperature of the fuelva-
por adsorbing material can be kept high as compared ‘
with a case in which the heat-accumulative material
does exist. As a result, a large amount of fuel vapor is
abruptly desorbed so as to increase the fuel vapor con-
centration of intake air to be sucked into the combustion
chambers of the engine. This invites disorder of the en-
gine or ineffective combustion within the combustion
chambers due to suction of excessive fuel (hydrocar-
bons) thereby releasing unburned combustion gas (hy-
drocarbons) into the atmosphere. Japanese Patent Pro-
visional Publication No. 9112356 discloses also a fuel
vapor treatment canister which contains th fuel vapor
adsorbing material in the form of a lay r and the heat-
accumulative material in the form f a layer. in which the
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two layers are disposed alternate to each other. Such a
conventional luel vaportreatment canister also provides
the same disadvantages as those in the above-dis-
cussed luel vaportreatment canister shown in Fig. 13A.
[0013] in view of the above, it is an object of the
present invention to provide an improved fuel vapor
treatment canister which can overcome drawbacks en-
countered in conventional fuel vapor treatment canis-
ters including ones disclosed in Japanese Patent Pro-
visional Publication No. 9-112356.
[0014] Another object of the present invention is to
provide an improvedfuel vapor treatment canisterwhich
can effectively prevent an engine from becoming disor-
dered and unburned hydrocarbons from being emitted
to the atmosphere while increasing its fuel vapor ad-
sorbing ability, thereby totally reducing emission of hy-
drocarbons to the atmosphere.
[0015] A further object of the present invention is to ~
provide an improved fuel vapor treatment canisterwhich
can effectively prevent a large amount offuel vapor from
being abruptly sucked into an engine while increasing
the amount of a fuel vapor adsorbing material disposed
in the canisterwithout enlarging the size of the canister.
[0016] A still further object of the present invention is
to provide an improved fuel vapor treatment canister
having a fuel vapor adsorption chamber and a heat ac-
cumulation and fuel vapor adsorption chamber, which is
adapted to prevent heat generated in the fuel vapor ad-
sorption chamber from being transmitted to the heat ac-
cumulation and fuel vapor adsorption chamber thereby
preventing lowering in fuel vapor retaining ability of the
fuel vapor adsorbing material in the heat accumulation
and fuel vapor adsorption chamber which lowering is
owing to temperature rise of the fuel vapor adsorbing
material in the heat accumulation and fuel vapor adsorp-
tion chamber.

[0017] An aspect of the present invention resides in a
fuel vapor treatment canister comprising a casing ar-
rangement having first and second end walls between
which first and second chambers are formed. The first
end wall has a portion defining a first opening in com-
munication with afuel tank, and a portion defining a sec-
ond opening in communication with an air intake pas-
sage of an engine. The second end wall has a portion
defining a third opening in communication with atmos-
phere. The first chamber is located closer to the first end
wall than the second chamber. A first fuel vapor adsorb-
ing material is disposed in the first chamber ,while a sec—
ond luel vapor adsorbing material and a heat-accumu-
lative material are disposed in the second chamber.The
heat-accumulative material is largerin specific heat than
the second fuel vapor adsorbing material.
[0018] A second aspect of the present invention re-
sides in a fuel vapor treatment canister comprising a
casing having first and second end walls between which
an inside space is formed. The first end wall has a por-
tion defining a first opening in communication wrth afuel
tank, and a portion defining a second opening in com—
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munication with an air intake passage of an engin .Th
second end wall has a portion defining a third opening
in communication with atmosphere. The inside spac
includes first and second chambers. The first chamber
is located closer to the first end wall than the second
chamber. A first fuel vapor adsorbing material is dis-
posed in the first chamber, while a second fuel vapor
adsorbing material and a heat-accumulative material
are disposed in the second chamber. The heat-accumu-
lative material is larger in specific heat than the second
fuel vapor adsorbing material.
[0019] A third aspect of the present invention resides
in a fuel vapor treatment canister comprising a casing
having first and second end walls between which an in-
side space is formed. The first end wall has a portion
defining a first opening in communication with a fuel
tank, and a portion defining a second opening ln com-
munication with an air intake passage of an engine.The
second end wall has a portion defining a third opening
in communication with atmosphere. The inside space
includes first and second chambers. The first chamber
is located closer to the first end wall than the second
chamber. A partition wall structure is disposed to divide
the inside space into the first and second chambers.The
partition wall structure has an airperrneability and a heat
insulating ability higher than that of metal. A first fuel
vapor adsorbing material is disposed in the first cham-
ber. A second fuel vapor adsorbing material and a heat-
accumulative material are disposed in the second _
chamber. The heat-accumulative material is larger in
specific heat than the second fuel vapor adsorbing ma-
terial.

[0020] Afourth aspect of the present invention resides
in a fuel vapor treatment canister comprising a first cas-
ing having first and second end walls between which a
first chamber is formed. The first end wall has a portion
defining a first opening in communication with a fuel
tank, and a portion defining a second opening. Addition-
ally, a second casing is provided having third and fourth
end walls between which a second chamber is formed.
The third end wall has a portion defining a third opening
in communication with the second opening of the first
casing. The fourth end wall has a portion defining a
fourth opening in communication with atmosphere. A
firstfuel vapor adsorbing material is disposed in the first
chamber, while a second fuel vapor adsorbing material
and a heal-accumulative material are disposed in the
second chamber. The heat-accumulative material is
larger in specific heat than the second fuel vapor ad-
sorbing material.

IEF DESCRIPTlON OF THE DRAWINGSBR

[0021] in the drawings, like reference numerals desf
ignate like parts and elements throughout all figures, in
which:

Fig. 1A is a longitudinal cross-sectional vi w of a
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tirst embodiment of a fuel vapor treatment canister
according to the present invention;
Fig. 18 is a graph showing the concentration oiiuel
vapor adsorbed in the canister of Fig. 1A in terms
of the axial direction positions oi the canister;
Fig. 2A is a longitudinal cross-sectional view of a
second embodiment of the fuel vapor treatment
canister according to the present invention;
Fig. QB is a graph showing the concentration ofiuel
vapor adsorbed in the canister of Fig. 2A in terms
of the axial direction positions of the canister;
Fig.3 is a longitudinal cross-sectional view of athird
embodiment of the iuel vapor treatment canister ac-
cording to the present invention;
Fig. 4 is a cross-sectional view taken in the direction
of arrows substantially along the line IV-IV of Fig. 3;
Fig. 5 is a cross-sectional view taken in the direction
of arrows substantially along the line V-V of Fig. 3;
Fig. 6 is a cross-sectional view taken in the direction
of arrows substantially along the line VI-Vl of Fig. 5;
Fig. 7 is a longitudinal cross-sectional view of a
fourth embodiment of the fuel vapor treatment can-
ister according to the present invention;
Fig. 8 is a longitudinal cross-sectional view of a fifth
embodiment oftheiuel vapor treatment canister ac-
cording to the present invention:
Fig. 9 is a longitudinal cross-sectional view of a sixth
embodiment oi the fuel vaportreatment canister ac-
cording to the present invention:
Fig. 10 is a longitudinal cross-sectional view of a
seventh embodiment oi the fuel vapor treatment
canister according to the present invention;
Fig. 11 is a longitudinal cross-sectional view of an
eighth embodiment of the fuel vapor treatment can-
ister according to the present invention;
Fig. 12 is a longitudinal cross-sectional view oi a
ninth embodiment oi the fuel vapor treatment can-
ister according to the present invention;
Fig. 13A is a longitudinal cross-sectional view oi a
conventional fuel vapor treatment canister;
Fig. 138 is a graph showing the concentration of
iuel vapor adsorbed in the canister in terms of the
axial direction positions of the canister oi Fig. 13A;
Fig. 14A is a graph showing the concentration of
fuel vapor adsorbed (or a fuel vapor residual level)
in the canister In terms oi the axial direction posi-
tions oi the canister of Fig. 13A during desorption
oi iuel vapor; and

Fig. 14B is a graph showing the concentration oi
fuel vapor adsorbed in the canister axial direction
positions in the canister of Fig. 13A during adsorp—
tion of iuel vapor.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Referring nowto Fig. 1A oi the drawings, afirst
embodiment of an iuel vapor treatment canister is illus-
trated by the reference numeral 1.The canister 1 of this
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embodiment is for an automotive vehicle and comprises
a casing C formed oi a plastic such as nylon or polypro-
pylene. The casing c includes a casing body 2 having
a circular cross-section. The casing body 2 is provided
at its one end (rightOside end in Fig. 1A) with a first end
wall a. and at the other end (left-side end in Fig. 1A) with
a second end wall 4. The first end wall 3 has a pipe de-
fining therein a communication opening Sawhich is in
communication with atmospheric air. The second end
wall 4 has an upper pipe defining therein a fuel vapor
inlet opening 4a which is in communication with a fuel
tank so that fuel vapor is flown in through the opening
4a. The second end wall 4 further has a lower pipe de-
fining therein a fuel vapor outlet opening 4b which is in
communication with an air intake passage of an intake
system oi an internal combustion engine (not shown) so
that iuel vapor is flown out through the opening 4b. It
will be understood that Intake air to be sucked Into the
engine flows through the air intake passage. Each oi the
first and second end walls a .4 is fixed to the casing 2
by means of vibration-welding. .
[0023] A perforated dish-like plate 7 is disposed inside
the casing body 2 and located adjacent the second end
wall 4. The dish-like plate 7 is formed at its main body
section with a plurality of through-holes (not identified)
and has a cylindricalflange section (not identified) which
is fitted to the inner surface of the casing body 2 and in
contact with the second end wall 4 so that a space 6 is
defined between the main body section (farmed with the
through-holes) of the dish-like plate 7 and the second
end wall 4. A circular sheet-like filter 8 is iorrned of non-
woven fabric of polyester and is disposed inside the
dish-like plate 7 so as to be in contactwith the main body
section oi the dish-like plate 7.
[0024] A circular periorated plate 1 Oformed of plastic
is disposed inside the casing body 2 and located adja-

’ cent the first end wall 3 in such a manner that the pe-
riphery of the periorated plate 10 is in contact with the
inner suriace oi the casing body 2. Two compression
springs 12, 12 are disposed between the perforated
plate to and the first end wall 3 so as to define a space
9 inside the casing body 2. Afilter 11 similarto the filter
8 is disposed inside and in contact with the perforated
plate 1 o. A chamber or inside space R betweenthe filter
a and the filter 11 . The chamber R includes a vapor ad-
sorption chamber Hi and a heat accumulation and va-
por adsorption chamber B2. II will be understood that
the volume of the chamber R2 is smaller than that of h
chamber F11. '
[0025] The vapor adsorption chamber R1 is filled with
a fuel vapor adsorbing material A1 iorrned of activated
carbon particles. The heat accumulation and vapor ad-
sorption chamber R2 is filled with a heat-accumulative
and fuel vapor adsorbing material A which includes a
fuel vapor adsorbing material A1 and a heat-accumula-
tive material A2 which is higher in heat conductivity and
specific heat than the fuel vapor-adsorbing mat rial A1.
In this embodiment, the fuel vapor adsorbing (granular)



134

9 EP11131$3A2 10

material A1 and the heat-accumulative (granular) mate-
rial A2 are respectively tormed into circular layers and
located alternate in the axial direction 01 the casing body
2 so that the vapor adsorbing material A1 is located be-
tween the layers 01 the heat-accumulative material A2.
lnother words,the heat-accumulative andtuel vapor ad-
sorbing material A is constituted of alternate layers of
the tuel vapor adsorbing material A1 and the heat-ac-
cumulative material A2. Each 01 the layers 01 the luel
vapor adsorbing material A1 andthe heat-accumulative
material A2 has its periphery in contact with the inner
surtace oi the casing body 2 and extends perpendicular '
to the axis 01 the casing body 2. Examples 01 the heat-
accumulative material A2 are aluminum, aluminum al-
loy, ceramic such as alumina, and stainless steel.
[0026] The perlorated plate 10 is pressed lettward in
Fig. 1A by the compression springs 12, 12 seated on
the lirst end wall 3, and therelore the tuel vapor adsorb-
ing material A1 and the heat-accumulative material A2
are kept in a tightly tilled state under the bias of the com-
pression springs 12, 12, in which the materials A1, A2
are pressed toward the perlorated plate 7 at the side of
the second end wall 4. A ratio in volume between the
vapor adsorption chamber R1 and the heat accumula-
tion and vapor adsorption chamber R2 is decided in ac-
cordance with kind, size, displacement, operating con-
ditions and the like of the engine tor the vehicle to which
the luel vapor treatment canister 1 is installed.
[0027] The manner of operation otthetuel vaportreat-
ment canister 1 will be discussed.
[0028] Fuel vapor trom the luel tank is flown through
the tuel vapor inlet opening 4a into the space 6 and then
introduced through the dish-like plate 7 and the filter 8
into the vapor adsorption chamber R1 and the heat ac-
cumulation and vapor adsorption chamber R2 so that
tuel vapor is adsorbed by the fuel vapor adsorbing ma-
terial A1 . In this case, tuel vapor is first adsorbed by the
luel vapor adsorbing material A1 located at a lett—side
(side of the second end wall 4) portion 01 the chamber
R1 and then gradually adsorbed by the luel vapor at}
sorbing material A1 located at a right.side (side of the
lirst end wall 3) portion at the chamber R1.
[0029] Accordingly, as shown in Fig. 18, a saturated
ponion (saturated with tuel vapor) ol the luel vapor ad-
sorbing material A1 moves rightward or toward the first
end wall 3 as adsorption at tuel vapor proceeds. More
specifically, at the initial period 01 a process 01 luel vapor
adsorption, theluel vapor adsorbing material A1 located
nearthe first end wall 3 does not participate to tuel vapor
adsorption; however, as the tuel vapor adsorption pro-
ceeds, the fuel vapor adsorbing material A1 gradually
becomes participantto luel vapor adsorption. Whentuel
vapor reaches the luel vapor adsorbing material A1 lo-
caled near the lirst end wall 3, luel vapor can be re-
leased to the atmosphere even though the luel vapor
adsorption is not in a saturated stateThen, as luel vapor
adsorption in the tuelvapor adsorbing material A1 locat-
ed near the lirst end wall 3 proceeds. release 01 luel va-
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por lrom the canister 1 gradually increases.
[0030] Within the heat accumulation and vapor ad-
sorption chamber R2, the luel vapor adsorbing material
A1 and the heat—accu mulative material A2 are alternate-
ly located. The heat~accumulative material A2 adsorbs
heat generated lrorn the tuel vapor adsorbing material
A1 during adsorption of luel vapor by the luel vapor ad-
sorbing material A2, thereby softening temperature rise
01 the luel vapor adsorbing material A1 itsell. This sup-
presses lowering in luel vapor adsorbing ability oi the
luel vapor adsorbing material A1 . Consequently,luelva-
por which [lows in trom the side of the second end wall
4 can be effectively absorbed by the tuel vapor adsorb-
ing material A1, thereby preventing luel vapor (not ad-
sorbed) lrom being released through the communica-
tion opening 3a to the atmosphere.
[0031] Additionally, when tuel vapor is released trom
the canister 1 under a condition where the luel vapor
has been adsorbed in the luel vapor adsorbing material
A1 within the vapor adsorption chamber R1 and the heat
accumulation and vapor adsorption chamber R2, the lu-
el vapor is desorbed lrom the fuel vapor adsorbing ma-
terial A1 under the inlluence of air flown trom the com-
munication opening 3a. At this time, owing to the heat
releasing action of the heat-accumulative material A2
within the heat accumulation and vapor adsorption
chamber R2, a temperature lowering of the fuel vapor
adsorbing material A1 due to tuel vapor desorption lrom
the fuel vapor adsorbing material A1 can be softened or
suppressed. As a result. desorption ot’tuel vapor ad-
sorbed in the tuel vapor adsorbing material A1 can be
eflectively accomplished, so that a desorption temper-
ature (at which tuel vapor is desorbed from the luel va-

- por adsorbing material A1) of the fuel vapor adsorbing
material A1 is kept at a high level as compared with a
case where only the fuel vapor adsorbing material A1 is
stored in the chamber R at the canister 1 , thus lowering
a vapor residual level (at which luel vapor remains not-
desorbed in the fuel vapor adsorbing material A1).
[0032] Subsequently, when the thus desorbedluelva-
por tlows toward the second end wall 4, it passes
through the tuel vapor adsorbing material A1 within the
vapor adsorption chamber R1. Here, only luel vapor ad-

_ sorbing material A1 is stored in the chamber R1, and
theretore a temperature lowering is made in thetuel va-
por adsorbing material A1 under desorption of tuel vapor
trom the luel vapor adsorbing material A1 thereby in-
creasing a luel vapor adsorbing ability of the tuel vapor
adsorbing material A1 . This maintains a high vapor re-
sidual level, so that abrupt release 01 adsorbed luel va:
por cannot be made. it will be understood that abrupt
desorption of tuel vaportrom the chamber R2 is buttered
during passage 01 the chamber R1. so that a change in
concentration of luel vapor to be sucked into the engine
can be moderated.»

[0033] As appreciated trom the above, when air con-
taining luel vapor tiows lromthe side of the second nd
wall 4 to the side ot the lirst end wall 3 so thattuel vapor
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is adsorbed in the canister 1 , distribution of concentra-
tion of fuel vapor within the chamber Fl takes a mode
indicated by a curve M1 as shown in Fig. 18. It will be
understood that the mode indicated by the curve M1
moves rightward in Fig. 1A or toward the first end wall
3 as adsorption of fuel vapor proceeds. When air intro-
duced through the opening Sailows from the side of the
first end wall 3 to the side of the second end wall 4 so
that fuel vapor adsorbed in the canister 1 is released
from the canister, the distribution of concentration offuel
vapor within the chamber R takes a mode indicated by
a curve M2. It will be understood thatthe mode indicated
by the curve M2 moves leftward in Fig. 1 or toward the
second end wall 3 as release of fuel vapor proceeds.
The above-mentioned concentration means the weight
of vapor (g) adsorbed per one ml of the fuel vapor ad-
sorbing material A1.
[0034] In the fuel vapor treatment canister 1 of this
embodiment, a gas-permeable partition wall (not
shown) may be provided between the chambers R1 and
R2, in which the partition wall is formed of a circular and
porous metal, plastic or non-woven sheet.The partition
wall is formed of a material having a low or high heat
insulating ability.

[0035] Fig. 2A illustrates a second embodiment of the
fuel vapor treatment canister 1 according to the present
invention, which is similar to the first embodiment with
the following exception: A circular sheet-like filter 14
similar to that 8 is disposed in the chamber R in such a
manner that its periphery is in contact with the inner sur-
face of the casing body 2. The sheet-like filter 1 4 divides
the chamber R into the vapor adsorption chamber R1
and the heat accumulation and vapor adsorption cham-
ber R2. The sheet-like filter 14 serving as a partition wall
is thin and therefore is low in heat insulating ability.
[0036] in operation, heat generated within the fuel va-
por adsorption chamber R1 during adsorption of fuel va-
por is difficult to be transmitted to the heat accumulation
and fuel vapor adsorption chamber R2 since the cham-
bers R1, R2 are divided by the partition wall 14 having
air permeability and heat insulating ability. Accordingly,
when air containing fuel vapor introduced through the
opening 4a flows from the side of the second end wall
4 tothe side of the first end wall 1,the temperature Within
the chamber R1 is kept lower than that in case of the
first embodiment. Consequently, as indicated by a mode
indicated by a curve M3 in Fig. 28, the fuel vapor ad-
sorbing material A1 within the chamber R2 adjacent the
filter 14 can adsorb much fuel vapor during adsorption
of fuel vapor as compared with that (indicated by a dot-
ted line in Fig. 2B) in case of the first embodiment. Ad—
ditionally, when air introduced through the opening 3a
flows from the side of the first end wall 3 and the side of
the second end wall 4, the temperature within the cham-
ber R2 adjacent the filter 14 is kept higher than that in
case of thefirst embodiment. Consequently, as indicat—
ed by a mode indicated by a curve M4 in Fig. 2B, the
fuel vapor adsorbing material A within the chamber R2
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adjacent the filter 14 can desorb much fuel vapor during
desorption of fuel vapor as compared with that (indicat-
ed by a dotted line in Fig. 28) in case of th first embod-
iment. It will be understood that the same effects as
those in the first embodiment can be obtained.
[0037] Figs. 3 to 6 illustrate a third embodiment of the
fuel vapor treatment canister 1 according to the present
invention, similar to the first embodiment generally with
the exception that another vapor adsorption chamber
R1 A is formed in communication with the vapor adsorp-
tion chamber R1 and located parallel with the vapor ad-
sorption chamber R1 and the heat accumulation and fu-
el vapor adsorption chamber R2. in this embodiment,
the casing C and a casing C1 are formed of the same
material as that of the casing C of the first embodiment.
The casing C and the casing C1 are located parallel with
each other and have a rectangularcross-section. The
casing C and the casing C1 are fixedly connected with
each other through a connecting wall 2c and an endcon-
necting wall 2d. Additionally, the casing body 2 of the
casing C and the casing body 2A of the casing Ct ex-
tend leftward over the and connecting wall 2d 10 form
an extended section 2e. The cross-sectional area of the
inside space of the casing body 2A is about 2 times of
that of the casing body 2 as shown in Fig. 4.
[0038] The'casing C1 includes the second end wall 4
which is located adjacent the first end wall 3. In this em-
bodiment, the two compression springs 12, 12 are dis—
posed between the second enqwau 4 _and_the plate 7.
The first and second end walls 3, 4 are respectivelyfixed
to the casing body 2 and the casing body 2A by welding.
[0039] A bottom end wall 18 is fixed to the extended
section 2e of the casing body 2 and the casing body 2A.
The bottom end wall 18 is rectangular and formed with
a plurality of embossments 19 having a rectangular
cross-section. The embossments 19 are separate from
each other to form a gas passage 20. A rectangular
sheet-like filter 16 is disposed inside the extended sec-
tion 2e in such a manner that its periphery is in contact
with the inner surtace of the extended section 2e. The
filter 16 is supported bythe embossments 19 of the bot-
tom end wall18 so as to contactwith the end connecting
wall 2d. '
[0040] The fuel vapor adsorbing material A1 is filled
in the fuel vapor adsorption chamber R1A defined be-
tween the filter 8 and the filter 16. Also in this embodi-
ment, the fuel vapor adsorbing material A1 is filled in the
fuel vapor adsorption chamber R1 defined between the
filter 14 and the filter 16. The fuel vapor adsorption
chambers R1, R1A are communicated with each other
through the filter 16 and the gas passage 20.
[0041] it will be understood that, in this embodiment,
the first and second end walls 3, 4, the plates 7,10 and
the filters 8, 11 and 14 are rectangular so that their pe—
ripheries are in contact with the inner surfaces of th
casing bodies 2, 2A having the rectangular cross-sec-
tion.

[0042] The manner of operation of the fuel vaportreat-
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ment canister of the third embodiment will be discussed.
[0043] Fuel vapor generated in th fuel tank flows
through the opening 4a, the fuel vapor adsorption cham-
ber R1A. the gas passage 20, the fuel vapor adsorption
chamber R1 in the order mentioned and reaches the
heat accumulation and fuel vapor adsorption chamber
R2. Accordingly, during adsorption of fuel vapor, flowing
fuel vapor is adsorbed successively in the fuel vapor ad-
sorbing material A1 located on the upstream side and
the fuel vapor adsorbing material A1 on the downstream
side relative to flow of fuel vapor.

in this embodiment, similarly to the first em-
bodiment. the fuel vapor adsorbing material A1 and the
heat-accumulative material A2 are stored in the heat ac-
cumulation and fuel vapor adsorption chamber R2 lo-
cated adjacent the first end wall 3. and therefore the
same effects as those "1 the first embodiment can be
obtained during adsorption of fuel vapor and during de-
sorption of fuel vapor
[0045]‘ Additionally the total space including the fuel
vapor adsorption chambers Rt. RtA is larger than the
space of the heat accumulation and fuel vapor adsorp-
tion chamber R2 storing the fuel adsorbing material A1
and the heat-accumulative material A2, and therefore
the amount of the heat-accumulative material A2 is less
while the fuel vapor adsorbing material A1 are more in
the whole chamber R similarly to in thefirst embodiment.
As a result. it is made possible to absorb a large amount
of fuel vapor which gradually evaporates in and flows
into the canister 1 under temperature difference be-
tween day and night during along period of time.
[0046] Fig. 7 illustrates a founh embodiment of the fu-
el vapor treatment canister according to the present in-
vention,which is similarto the second embodiment with
the exception that the filter 14 as the partition wall is re
placed with a partition wall arrangement S including two
filters 14, 14 and an air chamber forming member 21.
[0047] In this embodiment, the chamber R is divided
into the fuel vapor adsorption chamber R1 and the heat
accumulation and fuel vapor adsorption chamber R2 by
the partition wall arrangement 8. The partition wall ar-
rangement S includes the air chamber forming member
21 which is formed of the same plastic as that of the
casing body 2. The air chamber forming member 21 in-
cludes a pair of perforated walls 21a, 21b which are dis-
posed respectively on the side of the chamber R1 and
the side of the chamber R2. The perforated walls 218,
21b are spaced from each other by a space maintaining
member 21c located between and integral with the per-
forated walls 21a, 21b. Each perforated wall 21 a. 21b is
formed with a plurality of openings through which air
passes. The two filters 14, 14 are located respectively
in contact with the perforated walls 21 a, 21b in such a
manner that the air chamber forming member 21 is lo-
cated between the filters 14, 14. in other words, the
chamber R1 and the chamber R2 are divided by the par-
tition wall arrangement 5 having heat insulating ability
and air permeability, while the chamber R1 and the
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chamber R2 are divided by th filter 14 in the second
embodiment.

[0048] In a conventional casethat a sufficient amount
of air for desorbing fuel vapor adsorbed in the canister
1 cannot be supplied through the opening 3a of the first
end wall 3 in view of controlling engine exhaust gas, fuel
vapor in an amount over a standard level is released
through the opening 3a to the atmosphere. This is as-
sumed to be caused from the following fact: Heat gen-
erated by adsorption of fuel vapor in the fuel adsorption
chamber R1 during adsorption of fuel vapor is transmit-
ted to the heat accumulation and fuel vapor adsorption
chamber R2 thereby raising the temperature of the heat
adsorbing material A1 in the chamber R2 so as to lower
the fuel vapor retaining ability. As a result, fuel vapor
remaining in the fuel vapor adsorbing material A1 within
the chamber R1 and the chamber R2 is desorbed and
released through the opening 3a when the amount of
air for desorbing luel vapor is insufficient.
[0049] However, in the fuel vapor treatment canister
of this embodiment, the partition wall arrangement 5
possessing heat insulating ability and air permeability is
disposed between the chamber R1 and the chamber R2
so as to allow gas to flow between the chamber R1 and
the chamber R2 but to prevent heat from being trans-
mitted between the chamber R1 and the chamber R2.
Consequently, the temperature of the fuel vapor adsorb-
ing material A1 within the chamber R2 can be prevented
from rising while preventing the fuel vapor adsorbing
material A1 within the chamber R2 from IoWe’ring in fuel
vapor retaining ability. As a result, fuel vapor remaining
in the fuel vapor adsorbing material A1 within the cham-
ber R1 and the chamber R2 can be prevented from re-
leasing through the opening 3a of the first end wall 3 in
the event that the amount of airfor desorbingfuel vapor
is insufficient.

[0050] Fig. 8 illustrates a fifth embodiment of the fuel
vapor treatment canister 1 according to the present in—
vention, which is similar to the first embodiment with th
exception that the heat accumulation and fuel vapor ad-
sorption chamber R2 filled with the fuel vapor adsorbing
material A1 and the heat-accumulative material A2 is
removed from the casing C and formed in another cas-
ing C2 which is independent from the casing C. _
[0051] In this embodiment, the casing C istorrned with
only the fuel vapor adsorption chamber R1 which is de-
fined between the filter 8 and the filter 11 and filled with
the fuel vapor adsorbing material A1. The casing 02 in-
cludes a casing body ZB which is provided with a first
end wall 25 and a second end wall 26.The first end wall
25 is fixed to one (left-side) end of the casing body 28
and has a pipe defining a communication opening 258
which is in communication with the opening 38 of the
first end wall 3 of the casing C through a pipe 27. The
second end wall 26 is fixed to the other (right-side) end
of the casing body 28 and has a pipe defining a com-
munication opening 28a which is in communication with
the atmosphere. The perforated plate 10 and the filter
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11 are disposed adjacent the first end wall 25 in such a
manner as to define a space between the perforated
plate 10 and the first end wall 25.The peripheries of the
perforated plate 10 and the filter 11 are in contact with
the inner surface of the casing body 28. Additionally, the
perforated plate 7 and the filter 8 are disposed adjacent
the second end wall 26 in such a manner as to define a
space between the perforated plate 7 and the second
end wall 26. The peripheries of the perforated plate 7
and the filter 8 are in contact with the inner surface of
the casing body 28. The heat accumulation and fuelva-
por adsorption chamber R2 is defined between the filter
8 and the filter 11 and inside the casing body 28. The
chamber R2 is filled with the fuel vapor adsorbing ma-
terial A1 and the heat-accumulative material A2 which
are formed into the form of a layer and located alternate
to each other. ‘

[0052] ln operation, since the casing C defining there-
in the chamber R1 and the casing C2 defining therein
the chamber R2 are provided separate from each other,
heat transmission between the chamber R1 and the
chamber R2 can be prevented. Consequently, fuel va-
por remaining in the fuel vapor adsorbing material A1
within the chamber R1 and the chamber R2 can be pre-
vented from releasing throughthe communication open-

ing 26a in case that the amount of air for desorbing fuel
vapor is insufficient, similarly to in the fourth embodi-
ment.

[0053] Fig. 9 illustrates a sixth embodiment of thefuel
vapor treatment canister 1 according to the present in-
vention, which is similar to the third embodiment with
the exception that the filter 14 for separating the heat
accumulation and fuel vapor adsorption chamber R2
from the fuel vapor adsorption chamber R1 has a thick-
ness considerably larger than that of the filter 14 in the
third embodiment. Thus, the filter 14 of this embodiment
serves as a partition wall having heat insulating ability
and air perrneability.This can prevent heattransmission
from the fuel vapor adsorption chamber R1 to the heat
accumulation and fuel vapor adsorption chamber R2.
Consequently,tuel vapor remaining inthefuel vapor ad-
sorbing material A1 within the chamber R1 and the
chamber R2 can be prevented from releasing through
the communication opening 3a in case that the amount
of air for desorbing fuel vapor is insufficient, similarlyto
in the fourth embodiment.

[0054] Fig. 10 illustrates a seventh embodiment of the
fuel vapor treatment canister 1 according to the present
invention, which is similarto the third embodiment with
the exception that the filter 14 for dividing the fuel vapor
adsorption chamber R1 and the heat accumulation and
fuel vapor adsorption chamber R2 is replaced with the
partition wall arrangement 8 used in the lourth embod-
iment.

[0055] lnthis embodiment, the partition wall arrange—
ment 8 divides the inside space of the casing body 2A
into the fuel vapor adsorption chamber R1 and the heat
accumulation andfuelvapor adsorption chamberR2. As
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shown, the fuel vapor adsorbing material A1 is filled in
the chamber R1 .while thefuel vapor adsorbing material
A1 and the heat-accumulativ material A2 is filled in a
mixed state in the chamber R2. The partition wall ar-
rangement S of this embodiment includesthe air cham-
ber forming member 21 which is formed of the same
plastic as that of the casing body 2. The air chamber
forming member 21 includes a pair of the perforated
walls 21a, 21b which are disposed respectively on the
sides of the chamber R1 and the chamber R2. The per-
forated walls 21 8, 21b are spaced from each other by
the space maintaining member 21c located between
and integral with the perforated walls 218, 21b. Each
perlorated wall 21a, 21b is formed with a plurality of
openings through which air passes. The two filters 14,
14 are located respectively in contact with the perforated
walls 21a, 21b in such a manner-that the alr chamber
forming member 21 is located between the filters 14,14.
[0056] Accordingly. also in this embodiment, heat
transmission fromthefuel vapor adsorption chamber R1
to the heat accumulation and fuel vapor adsorption
chamber R2 can be prevented. Consequently, fuel va-

por remaining in the fuel vapor adsorbing material A1
within the chamber R1 and the chamber R2 can be pre-
vented from releasing through the communication open~

ing 3a in case that the amount of air for desorbing fuel
vapor is insufficient.

[0057] Fig. 11 illustrates an eighth embodiment of the
fuel vapor treatment canister according to th_e_ present_ . _ ‘
invention, which is similar to the third embodiment with
the exception that only the heat accumulation and fuel
vapor adsorption chamber R2 is formed inside the cas-
ing C without forming the fuel vapor adsorption chamber
R1.

[0058] In this embodiment, the chamber R2 is formed
between the filter 16 and the filter 11 and inside the cas-

ing C, and filled with the vapor fuel adsorbing material
A1 and the heat-accumulative material A2 which are
formed into a layer and located alternate to each other.
[0059] This embodiment prevents heat transmission
tromthe fuel vapor adsorption chamber R1Ato the heat
accumulation and fuel vapor adsorption chamber R2 by
a partition wall arrangement constituted by the bottom
end wall 18 and the filter 16. Consequently, fuel vapor .
remaining in the fuel vapor adsorbing material A1 wlthin
the chamber R1 A and the chamber R2 can be prevented
from releasing through the communication opening 38
in case that the amount of air for desorbing tuel vapor
is insufficient.

[0060] Fig. 12 illustrates a ninth embodiment of the
fuel vapor treatment canister 1 according to the present
invention, which is similarto the eighth embodiment with
the exception that the heat accumulation and fuel vapor
adsorption chamber R2 filled with the fuel vapor adsorb-
ing material A1 and the heat-accumulative material A2
is replaced with a fuel vapor adsorption chamber R18
filled with the fuel vapor adsorbing material A1 and
formed in another casing C3 which is independentfrom
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the casing C.

[0061] lnthis embodiment. the casing C isformed with
only the fuel vapor adsorption chamber RtB which is
defined between the filter 11 and the filter 16 and filled
with the fuel vapor adsorbing material A1. The casing
03 is similar to the casing 28 in the fifth embodiment
and includes a casing body 2C which is provided with
the first end wall 25 and the second end wall 26. The
first end wall 25 is fixed to one (left-side) end of the cas-
ing body ZC and has the pipe defining the communica-
tion opening 25a which is in communication with the »
opening 3a of the first end wall 3 of the casing C through
the pipe 27.The second end wall26 is fixed to the other
(right—side) end of the casing body 20 and has a pipe
defining the communication opening 26a which is in
communication with the atmosphere. The perforated
plate 10 and the filter 11 are disposed adjacent the first
end wall 25 in such a manner as to define the space
between the perforated plate 10 and the first end wall

_ 25. The peripheries of the perforated plate 10 and the
filter 11 are in contact with the inner surface of the casing
body 2C. Additionally, the perforated plate 7 and the fil- .
ter 8 are disposed adjacent the second end wall 26 in
such a manner as to define a'space between the perfo-
rated plate 7 and the second end wall 26. The peripher-
ies of the perforated plate 7 and the filter 8 are in contact
with the inner surface of the casing body 2C. The heat
accumulation and fuel vapor adsorption chamber R2 is
defined between the filter 8 and the filter 11 and filled
with the fuel vapor adsorbing material A1 and the heat-
accumulative material A2 which are in a mixed state.
[0062] In operation, since the casing C defining there—
in the chamber Rt B and the casing C3 defining therein
the chamber R2 are provided separate from each other,
heat transmission between the chamber R13 and the
chamber R2 can be prevented. Consequently, fuel va-
por remaining in the fuel vapor adsorbing material At
within the chamber R18 and the chamber R2 can be
prevented from releasing through the communication
opening 26a in case that the amount of air fordesorbing
fuel vapor is insufficient, similarly to in the fourth embod-
iment.

[0063] The above~discussed embodiments may be
modified as follows:

(1) While the first end wall 3, the second end wall 4
and the bottom end wall 18 have been shown and
described as being fixedly connected, for example,
by welding, it will be understood that at least of them
may be formed integral with the casing body 2, 2A
when the casing body is molded.
(2) While the fuel vapor inlet opening 4a and the fuel
vapor outlet opening Ab are shown and described
as being formed separate from each other, it will be
understood that a single inlet-outlet opening serving
as the fuel vapor inlet and outlet openings 4a, 4b
may be formed in place of the separate openings
Ila, 4b. in which a pipe connected to the inlet-outlet
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opening is bifurcated to be connect d to the fuel
tank and the engine air intake passage.
(3) While the filter 14 has been shown and de-
scribed as being used for dividing the inside space
of the casing C info the fuel vapor adsorption cham-
ber R1 and the heat accumulation and fuel vapor
adsorption chamber R2 in some embodiments, it
will be appreciated that the filter 14 may be omitted.
In this regard, the chamber R1 and the chamber R2
may be divided by a perforated plate disposed be-
tween the chambers Rt , R2 orforrned integral with
the casing body.

(4) While the fuel vapor adsorbing material A1 and
the heat-accumulative material A2 in the state of
layers have been shown and described as being
disposed within the heat accumulation and fuel va-
por adsorption chamber R2 in some embodiments,
it will be appreciated that the materials A1, A2 may
be replaced with a heat-accumulative and fuel va-
por adsorbing material prepared by mixing the fuel
vapor adsorbing material A1 and the heat-accumu-
lative material A2, or with another heat-accumula-
tive and fuel vapor adsorbing material prepared by
mixing fuel vapor adsorbing material matrix parti-
cles or powder (such as activated carbon particles
or powder) with heat-accumulative material parti-
cles or powder having high heat conductivity and
high specific heat as compared with the fuel vapor
adsorbing material matrix powder, and .then by
molding the mixed particles or powders into "the
form of pellets or the like. Examples of the heat-ac-
cumulative material particles or powder are alumi-
num or aluminum alloy particles or power. and ce-
ramic panicles or powder.

[0064] Additionally, it will be appreciated that the ma-
terials A1, A2 may be replaced with a honeycomb-
shaped heat-accumulative and fuel vapor adsorbing
material prepared by mixing the fuel vapor adsorbing
material matrix particles or powder (such as activated
carbon particles or powder) with the heat—accumulativ
material particle or powder and binder, and then by
molding the mixed particles or powders into the honey-
comb shape, so that the iuel vapor adsorbing material
matrix particles or powder and the heat-accumulative
material particle or powder are contained In a dispersed
state in the honeycomb-shaped heat—accumulative and
fuel vapor adsorbing materials.
[0065] As appreciated from the above, according to
the present invention, the fuel vapor treatment canister
has the fuel vapor adsorption chamber and the heat ac-
cumulation and fuel vapor adsorption chamber which
are located respectively at the side of fuel vapor inlet
and outlet openings and the side of the communication
opening in communication with the atmosphere. Th fu-
el vapor adsorbing material is disposed in the fuel vapor
adsorption chamber, while the fuel vapor adsorbing ma-
terial and the heat-accumulative material are disposed
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in the heat accumulation and fuel vapor adsorption

chamber. Accordingly. during adsorption offuel vapor in
the canister, the fuel vapor adsorbing materialwithinthe
heat accumulation and fuel vapor adsorption chamber

is prevented from its temperature rise so that fuel vapor
adsorption in the chamber can be securely accom-
plished, thereby effectively preventing release of fuel
vapor to the atmosphere.

[0066] During desorption of fuel vapor in the canister,
in the heat accumulation and fuel vapor adsorption
chamber located at the side of the atmosphere-commu-

nication opening. the fuel vapor adsorbing material in
the chamber is prevented from its temperature lowering

owing to the heat release action of the heat-accumula-
tive material In the chamber, so that desorption offuel

vapor from the fuel vapor adsorbing material can be ef-
fectively camcd cut thereby lowering the fuel vapor re-
sidual level after the fuel vapor desorption. Accordingly,

adsorption ol fJel vapor at the next operational (adsorp-
tion~desorption) cycle can be ensured. In the fuel vapor
adsorption chambcrihrough which air containing the fu-
el vapor desorbcd from the fuel vapor adsorbing mate-
rial in the heat accumulation and fuel adsorption cham-

ber flows. fuel vapor is dcsorbcd from the fuel vapor ad-

sorbing material in the fuel vapor adsorption chamber.
causing temperature lowering of the fuel vapor adsorb-
ing material. This prevents abrupt desorption of fuel va-
por from the fuel adsorbing material in the fuel vapor
adsorption chamber, so that fuel vapor is gradually de-
sorbed from the fuel vapor adsorbing material. As a re-

sult, a large amount of fuel vapor is prevented from be-
ing abruptly sucked into the engine. This effectively pre—
vents disorder of the engine and considerable emission

of hydrocarbons in exhaust gas from the engine due to
excessive fuel (hydrocarbons) in air-fuel mixture to be
sucked into the engine.

[0067] Additionally, since the heat'accumulative ma-
terial is disposed only in the heat accumulation andfuel
vapor adsorption chamber, the amount of the heat-ac-
cumulative material used in the canister can be reduced

while increasing the amount of the fuel vapor adsorbing
material used in the canister without increasing the size

of the casing of the canister. Thus, the fuel vapor ad-
sorbing ability of the canister can be increased without
large—sizing the canister.

[0068] Further, the partition wall may be provided be-
tween the fuel vapor adsorption chamber and the heat
accumulation and fuel vapor adsorption chamber, or

othewvise the fuel vapor adsorption chamber and the
heat accumulation and fuel vapor adsorption chamber

may be formed respectively in the separate casings, so
as to prevent heat transmission from the fuel vapor ad~
sorption chamber to the heat accumulation and fuel va-
por adsorption chamber. Consequently. the fuel vapor
adsorbing material inthe heat accumulation and fuel va-
por adsorption chamber can be prevented from its tem-
perature rise even though the temperature of the fuel
vapor adsorbing material in the fuel vapor adsorption
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chamber rises. This prevents a temperature rise of the

fuel vapor adsorbing material in the heat accumulation
and fuel vapor adsorption chamber while preventing

lowering in the fuel vapor retaining ability of the fuel va-
por adsorbing material in th heat accumulation and fuel
vapor adsorption chamber. As a result, even in case that
the amount of air for desorbing fuel vapor from the fuel-

vapor adsorbing material is insufficient, luel vapor re-
maining in the fuel vapor adsorption chamber and the
heat accumulation and fuel vapor adsorption chamber

can be prevented from being released through the at-
mosphere~communication opening of the canister.

[0069] Although the invention has been described
above by reference to certain embodiments of the in-
vention, the invention is not limited to the embodiments
described above. Modifications and variations of the
embodiments described above wllloccurto those skilled

in the art, in light ol the above teachings. The scope of
the invention is defined with reference to the following
claims.

Claims

1. A fuel vapor treatment canister comprising:

a casing arrangement having first and second
end walls between which first‘and second
chambers are formed, said first end wall having_ ..

a portion defining a first opening in communi-
cation with a fuel tank. and a portion defining a

second opening in communication with an air
intake passage of an engine, said second end
wall having a portion defining a third opening in
communication with atmosphere, said first

chamber being located closer to said first end
well than said second chamber;

a first fuel vapor adsorbing material disposed
in said first chamber; and

a second fuel vapor adsorbing material and a
heat-accumulative material, disposed in said
second chamber, said heat-accumulative ma-

terial being larger in specific heat than said sec-

ond fuel vapor adsorbing material.

2. A fuel vaportreatment canister as claimed in Claim
1, wherein at least one of said first and second fu l
vapor adsorbing materials is granular.

3. A fuel vapor treatment canister as claimed in Claim
2, wherein said second fuel vapor adsorbing mate'-
rial and said heat-accumulative material form first

and second layers, respectively, said first and sec-

ond layers being located alternate to each other in
a direction in which fuel vapor flows.

4. A fuel vaportreatment canister as claimed in Claim
3, wherein each of said first and second layers ex-
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tends perpendicularto an axis of said second cham-
ber. ,

A fuel vapor treatment canister as claimed in Claim
1. wherein said first and second fuel vapor adsorb-
ing materials are activated carbon.

A fuel vapor treatmentcanister as claimed in Claim
1, wherein said heat-accumulative material is at
least one selected from the group consisting of alu-
minum, aluminum alloy, ceramic. and stainless
steel. ' '

A fuel vapor treatment canister comprising:

a casing having first and second end walls be
tween which an inside space is formed. said
first end wall having a ponion defining a first
opening in communication with a fuel tank, and
a portion defining a second opening in commu-
nication with an air intake passage of an en-
gine, said second end wall having a portion de-
fining a third opening in communication with at-
mosphere, said inside space including first and
second chambers, said first chamber being lo-
cated closer to said first end wall than said sec-
ond chamber;
a first fuel vapor adsorbing material disposed
in said first chamber; and
a second fuel vapor adsorbing material and a
heat—accu mulative material. disposed in said
second chamber, said heat-accumulative ma-
terial being larger in specific heat than said sec-
ond fuel vapor adsorbing material.

A fuel vapor treatment canister comprising:

a casing having first and second end walls be-
tween which an inside space is formed, said
first end wall having a portion defining a first
opening in communication with a fuel tank, and
a portion defining a second opening in commu-
nication with an air intake passage of an en-
gine, said second end wall having a portion de—
fining a third opening in communication with at—
mosphere. said inside space including first and
second chambers: said first chamber being lo-
cated closer to said first end wall than said sec-
ond chamber;

a partition wall structure disposed to divide said
inside space into said first and second cham-
bers, said partition wall structure having an air
permeability and a heat insulating ability higher
than that of metal;
a first fuel vapor adsorbing material disposed
in said first chamber; and
a second fuel vapor adsorbing material and a
heat-accumulative material, disposed in said
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second chamb r, said heat-accumulative ma-
terial being larger in specific heatthan said sec-
ond fuel vapor adsorbing mat rial.

9. A fuel vapor treatment canister comprising:

a first casing havingfirst and second end walls
between which a first chamber is formed, said
first end wall having a portion defining a first
opening in communication with afuel tank, and
a portion defining a second opening;
a second casing having third and fourth end
walls between which a second chamber is
formed, said third end wall having a portion de-
fining a third opening in communication with
said second opening of said first casing, said
fourth end wall having a, portion defining a
founh opening in communication with atmos-
phere;
a first fuel vapor adsorbing material disposed
in said first chamber; and
a second fuel vapor adsorbing material and a
heat-accumulative material, disposed in said
second chamber, said heat-accumulative ma-
terial being larger in specific heat than said sec-
ond fuel vapor adsorbing material.
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higher than the said first afiorption rate. more in particular to such process when used in the operation of vehicle inlemal combustion
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Title: Process for the adsorption of organic vapours from gas mixtures

containing them

The invention is directed to a process for the adsorption of organic

vapours from gas mixtures containing them onto activated carbon.
Emission of organic vapours is harmful to the environment (smog).

The emission from automotive sources is regulated by law worldwide,

requiring car manufacturers to take measures to reduce the emission of fuel
vapours from the fueltanks during operation or refueling or during periods
when the car is not driving, for example due to the temperature changes (day.

night).

These emission reduction systems are based on activated carbon and

are regenerated during vehicle operation, when combustion air is passed
through the system, thereby removing the fuel from the activated carbon.
These systems are known as evaporative loss control devices (ELCD-canister).
Also it can be useful in stationary systems to apply activated carbon for

removing organic vapours from gas mixtures. Examples are in the area of

heating devices and such like.

Current emission limits have resultedin the use of special canisters

containing specialised types of activated carbon, that are well suited to reduce
the emission sufficiently. In the near future the emission limits will be reduced

drastically; these levels cannot be met by current systems, especially not

during refuelling. In that. situation, not all vapours are adsorbed sufficiently
fast and bleed through occurs. Increasing the adsorption capacity of the

canister by increasing its size is not acceptable, since the available space for
incorporating these canisters in. a car is limited. Increase of the adsorption
capacity per unit carbon volume can only be accomplished at high costs and
still the adsorption rate will be insufficient.
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A solution would be to increase the adsorption kinetics (adsorption
rate), however, the common way to do that results in other problems. Usually
this is done by decreasing the particle size of the adsorbent, but. this results in
an increase in pressure drop, which makes it difficult to properly refill the
gasoline tank, i.e. without untimely stopping of the gasoline pump of the
service station. An other alternative is to change the external s .rface area to
volume ratio (Sv, with dimension of e.g. m2/m3) of the adsorbent particles by
suit-Cling a different external shape. The consequence of this is a smaller
amount of adsorbent in the same volume (i.e. a decrease in density), which is
not acceptable. as the total adsorption capacity decreases.

Accordingly it is an object of the present invention to provide a

process for the adsorption of organic vapours, in particular organic vapours
(hydrocarbons) that are held responsible for smog formation, from gas
mixtures containing them onto activated carbon, which process does not have
the drawbacks described above. In the present description and claims, organic
compounds that are held responsible for smog formation are gaseous
compounds originating from fuels and are particularly defined as hydrocarbons
having more than three carbon atoms. More in particular these compounds are
present in the vapours of fuels such as gasoline, kerosene or fuel oil.

The process of the present invention should be suitable for
application in ELCD-canisters. A further object is to provide for an
improvement in this respect, i.e. to provide an ELCDocanister which enables a ,
decrease of the emission of smog-forming hydrocarbons, without a significant
increase in the pressure drop across the canister and without a significant
decrease in the canister’s adsorption capacity.

According to the invention the process comprises passing the gas
mixture consecutively through at least a first and a second adsorption system,
the first system consisting of activated carbon having a first adsorption rate
for the said organic vapours and the second system consisting of an adsorbent
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having a second adsorption rate for the said organic vapours, the said second

adsorption rate being higher than the said first adsorption rate.

In a preferred embodiment said process is applied to automotive

systems, wherein the adsorption system is operated in relation to an internal

combustion engine.

The present invention is based on. the surprising insight, that by the

use of two consecutive adsorption systems with comparable adsorption

capacities per unit volume, a first one having a limited adsorption rate and
preferably a low pressure drop, and a second one having a higher adsorption
rate, the emission can be decreased, without having to resort to other

measures, such as increasing the size of the (standard) adsorption canisters, to

eliminate the bleed through.

By the use of this system of at least two combined adsorbents having

different adsorption kinetics, a better use of the available adsorption capacity

is made, without an undue increase of canister size or pressure drop over the

system.

According to the invention it was thus found that a canister

containing a limited amount of adsorbent with fast adsorption kinetics at the
outlet side of a regular canister already provides an improved reduction in

emission. Apparently, the mass transfer zone obtained in the downstream

adsorbent, preferably an activated carbon or zeolite bed, was reduced in size in

this downstream section, thus increasing the efficiency.

In a preferred embodiment the present invention comprises the use
of an activate carbon filter containing

1. activated carbon having a relatively low pressure drop and a high

adsorption capacity per unit volume but limited adsorption kinetics, combined
with

2. a second activated carbon with higher adsorption kinetics, for

example by using smaller particles or other particle shapes.

156
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f both materials in a regular ELCD-canister ensures
The combining 0
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d, embodiment, both
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whe1eas another possibilitv is to change the outer shape, for example using
specifically shaped extrudates or tablets Another possibility to improve the
adsorption kinetics is to select a carbon type with a more optimal pore size
distribution, thus improving the diffusion characteristics. A third possibility is
the use of fibrous activated carbon, eg. activated carbon felts or cloths, or the
use of activated carbon containing fibrous materials, W1 1ch exhibit high
adsorption kinetics combined with a low pressure drop and a relatively low
adsorption capacity.

For practical purposes, it is preferred to use extruded activated
carbon (EAC) as the particles having a low Sv and granular activated carbon

- (GAC) as the particles with the high Sv Preferably, EAC having a Sv of about
12507000 m2/m3, more preferably 2000- 3250 m'-’/m3 is used. The Sv of the
GAC particlesis preferably fiom 2000- 30 000 m2/m3, more preferably from
3000- 12 000 m2/m3.

According to the invention, the amount of adsorbents is selected
such, that the adsorption capacity for gasoline vapour of the first adsorption
system is larger than the adsorption capacity of gasoline vapour of the second
adsorption system. Generally, this means that the amount, by weight, of the
second adsorbent will be lower than the amount, by weight, of the first
adsorbent.

As indicated above, the present invention is applicable for the

adsorption of organic vapours from gas mixtures, mere in particular for the
removal of gasoline or fuel oil vapours from gas mixtures originating in
relation to the operation of vehicle internal combustion engines. Although the
main application of the invention certainly lies in" the so-called evaporative
loss control devices (ELCDcanisters) which are designed to prevent emission
of gasoline and fuel oil vapours caused by "breathing" of gasoline and fuel oil
tanks, it is also possible to use the invention in relation to stationary tanks
containing organic materials having a measurable vapour pressure at ambient
temperature, such as tanks for gasoline, fuel oil, kerosene and naphtha.
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Brief description of the drawings

Figure 1 shows breakthrough curves of activated carbon beds'
AC and GAC particles in ratios 95/5 and 90/10 (according to the

0 and 0/100 (reference), respectively.

drocarbons emission vs. outlet hydr

5 containing E

invention) and 100/

Figure 2 shows by ocarbons

g to the invention) and 100/0
GAC particles in ratios 95/5 and 90/10 (accordin

10 and 0/100 (reference), respectively.

The present invention is now elucidated on the basis of three

examples.

15 Comparative example
A standard evaporative loss control device canister, containing

iameter extrudate was used and the emission in the
activated carbon, 2 mm/d

A test procedure) was determined. The
"three day diurnal test" (US-EP

emission value obtained was set as 100%.

20

W

Using the sam
6 method as in the comparative example, the emission

was determined of the same ELCD canister, containing 80% (by weight) _
ates and 20% by weight granular

activated carbon, 2 mm/diameter extrud
nstream from the extrudate

25 activated carbon (sieve fraction 0.5-2.0 mm), dow
arative example the

same test procedure as used in the comp
0% of the

was used. In the

emission was determined. The emission values obtained were 3
values obtained in the comparative example.
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Example 2

The performance of activated carbon for evaporative loss control was
tested in a dedicated, automated test apparatus, in which a carbon bed is

loaded with a model gasoline vapour and regenerated with air during various

cycles. The applied test is a simulation of the conditions that are imposed on
the carbon in an ELCD canister in practise.

The diameter of the test tube containing the carbon bed was 3.6 cm.

The carbon bed height was always 15 cm, resulting in a total carbon volume of
153 cm3. The test tube was placed in a thermostatically controlled chamber at

a temperature of 30 °C during the complete test.

The model gasoline vapour consisted of 50 vol% air, 33 vol% butane

and 17 vol% of a mixture of various hydrocarbons (HG-mix). The composition
of this HCmix is presented in Table 1.

The contact time in the carbon bed was 75 seconds during each
loading step. The total hydrocarbons concentration in the 011- gas was W
measured every 10 seconds during the complete loading step using a flame
ionisation detector (FID). The loading step was immediately stopped and the
regeneration step was started once the measured FID~signa1 became higher
than the FID-signal corresponding to 440 ppmv methane. The time required to
reach this signal15 taken as the loading time. The hydrocarbons concentration
as measured by the FIDis expressed as ppm methane equivalent, indicating
the methane concentration giving the Same FID-signal.

Regeneration was always performed1n counter-flow (downstream)
during 16 minutes, using 300 bed volumes of dry air.

Part of an extruded activated carbon sample (2 mm diameter) was

crushed and sieved to obtain a sieve fraction containing particles between 1-2
mm in diameter. The surface to volume ratio (Sv) of these particles was
4000 mz/m3. This sieve fraction is indicated as granular activated carbon

(GAC) hereafter. A multi-layer carbon bed was created by filling the test tube

160
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an 8v of 2400 m2lm3) first, after

such a way that the total

(153 cm3). The ratio

0/100.

p in air over the carbon

ded activated carbon (EAC, havingwith extru

ditional layer of GAG was added inwhich an ad

bon bed volume remained unchanged
activated car

varied as follows: 100/0, 95/5; 90/10,
EAC/GAC was

5 After the performance test the pressure dro
flow rates.

beds described above was measured at ‘-. arious linear
By default, each carbon bed was tested for '75 loading and

der identical test conditions.
(GWC) is defined as the effective

st conditions. The

regeneration cycles un
The gasoline working capacity

1 0 adsorption capacity for hydrocarbons under the mentioned te
GWC was calculated for each cycle as follows:

GWC = (Loading Time) ' (HC Supply Rate) [g/100 ml]
1000 ' (Carbon Volume)

15 ,

Due to ageing the

results obtained in cycle 75 are

aging of the carbon and are the

practise.

The outlet hydrocarbon2 0
tted amount of hydrocarbons durin

of time in order to establish the emi
e so-called breakthrough

loading step of the carbon. These dat
ves for each loading step. By integra

1 amount of emitted hydrocarbons w

a resulted in th

tion of the breakthrough curves the
cur

as established.

curves in cycle 75 are presented for

ntaining EAC/GAC in the ratios

y shows that the hydrocarbons
at a much higher level than that

tota

25 In Figure 1 the breakthrough
ious carbon beds described above, co

5, 90/10, and 0/100. Figure 1 clear]
ion in the off-gas with EAC only is

the var

100/0, 95/

concentrat
r total emission values. It

h GAC only, thus resulting in highe
es is higher than theobserved wit

9 adsorption rate of the GAC particl
3 0 follows that th
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adsorption rate of the EAC particles. Also the multi-layer carbon beds,

containing a certain fraction GAC at the outlet side of the carbon bed, show a

low hydrocarbons concentration in the off-gas. Furthermore, breakthrough of
the 95/5 and 90/10 beds occurred later than with the 100/0 and 0/100 beds.

Table 2 contains the loading times in cycle 75 established using the

mentioned carbon beds, relative to the loading time of the carbon bed

containing EAC only. These data indicate that the total loading times of the

multi-layer carbon beds are at least as long as that of the carbon bed

containing EAC. This shows that the performance of the carbon bed (GWC) is
not affected in a negative way by applying a multi-layer bed. The shorter

loading time of the GAC bed primarily resulted from the lower packed density
of this carbon compared to EAC, thus reducing the amount of activated carbon

in the test tube.

Figure 2 represents the test results of cycle 75 after integrating the

breakthrough curves. It shows the cumulative hydrocarbons emission as a

function of the outlet hydrocarbons concentration. From Figure» 2 it follows

that the hydrocarbons emission for a multi-layer carbon bed is at the same
level as that of a bed filled with GAC only, and at a much lower level than that

of a bed filled with EAC only.

Table 3 contains the pressure drop data in air over the carbon beds

at various linear gas flow rates. These data indicate that the pressure drop of

the multi-layer carbon bed is only slightly higher than that of a carbon bed

containing only EAC, and considerably lower than that of a carbon bed

containing GAC only.
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Table 1 Composition of the HC-mix used to compose a model gasoline

vapour.

   
 Hydrocarbon Compound Content in HC-mix 

 
 
 

[mole fraction]

n-pentane

2,3 di-methylpentane

 

 

 

 

iso-octane

ethylbenzene

Table 2 Loading times during cycle 75 of carbon beds containing different

amounts of EAC and GAC.

5

Carbon Bed Composition Loading Time / Loading Time using EAC only

[ratio EAC/GAC]
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Table 3 Pressure drop in air over carbons beds containing different amounts
of EAC and GAC.

inear Air Flow Rate PressureDrop in Air [kPa/m]
EAC/GAC-ratioEAC/GAC- EAC/GAC-ratio

 
r:2 i0 100/0
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Claims

1. Process for the adsorption of smog-forming hydrocarbon vapours

from fuel gas mixtures containing them onto activated carbon, said process
comprising passing the gas mixture consecutively through at least a first and a
second adsorption system, the first system consisting of activated carbon
having a first adsorption rate for the said organic vapours and the second
system consisting of an adsorbent having a second adsorption rate for the said
organic vapours, the said second adsorption rate being higher than the said
first adsorption rate. / a... y 1‘» "Ma
2. Process according to claim 1, wherein the said second adsorption
system contains an adsorbent selected from the group of activated carbon,
zeolite, and modified zeolite.

3. process according to claim 2, wherein the said second adsorption

system contains activated carbon.

4. Process according to claim 3, wherein the activated carbon in both
adsorption systems is based on the same material, with different ratio of
external surface to volume.

5. Process according to claims 2-4, wherein the particle size of the
activated carbon in the said second adsorption system is smaller than the

particle size of the activated carbon in the said firstadsorption system.
6. Process according to claims 1-5, wherein the pressure drop per unit
bed depth of the adsorbent in the said first adsorption system is lower than the
pressure drop per unit bed depth of the adsorbent in the said second
adsorption system.

7. Process according to claims 1-6, wherein the said fuel gas mixtures
are selected from gases originating from gasoline, kerosine and fuel oil.
8. Process for the removal of gasoline or fuel oil vapours from gas

mixtures originating in relation to the operation of vehicle internal combustion
engines, said process comprising passing the gas mixture consecutively

165
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through at least a first and a second adsorption system, the first system
consisting of activated carbon having a first adsorption rate for the said
organic vapours and the second system consisting of aniadsorbent having a

sorption rate for the said organic vapours, the said second adsorptionsecond ad

rate being higher than the said first adsorption rate.5

m 8, wherein the said second adsorption9. Process according to clai

system contains an adsorbent selected from the group of activated carbon,
zeolite, and modified zeolite.

10. process according to claim 9, wherein the said second-adsorption
10 system contains activated carbon.

11. Process according to claim 10, wherein
ems is based on the same material, with differen

the activated carbon in both

adsorption syst t ratio of
external surface to volume.

5 9-11, wherein the particle size of the
12. Process according to claim

. 15 activated carbon in the said second adsorption system is smaller than the
particle size of the activated carbon in the said first adsorption system.
13. Process according to claims 8-12, wherein the pressure drop over the
adsorbent in the said first adsorption system is lower than the pressure drop
over the adsorbent in the said second adsorption system.

20 14. Process according to claims 8-13, wherein the loaded adsorption
systems are regenerated by passing combustion air through the adsorption
systems.
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(57)Abstract:

PROBLEM TO BE SOLVED: To provide a canister

capable of suppressing blow-by of evaporated fuel to the
atmosphere by minimizing a diffusion phenomenon
within an adsorbing material layer of a canister and

surely adsorbing the flowing evaporated fuel.
SOLUTlON: This canister 1 is constituted by filling

activated carbon A (5a) having much adsorbing amount

of the evaporated fuel and weak holding force in a first
adsorbing material layer 7 of the canister 1 and filling
activated carbon B (5b) having middle adsorbing amount

of evaporated fuel, weak holding force and thereby
having a characteristic having little remaining amount of
low boiling point component in evaporated fuel after

purging. As a result, radiation of evaporated fuel to the
atmosphere after leaving the canister 1 under a high temperature can be suppressed.

 
  

http://www19.ipd1.jpo.go .jp/PAl/resu1t/dctail/mai;;ijAAWcai_vDA414256989P1 .htm 10/10/2003



173

Searching PAJ Page 2 of 2,..,

LEGAL STATUS

[Date of request for examination]

[Date of sending the examiner's decision of

08.04.2003

rejection]

[Kind of final disposal of application other than
the examiner's decision of rejection or

application converted registration]

[Date of final disposal for application]

[Patent number]

[Date of registration]

[Number of appeal against examiner's
decision of rejection]

[Date of requesting appeal against examiner's
decision of rejection]

[Date of extinction of right]

Copyright (C); 1998,2003 Japan Patent Office

http://wwwl9.ipd1.jpo.go.jp/PA1Iresult/detail/maripéwAAAWcaLvDA414256989P1.htm 10/10/2003



174

DERWENT-ACC—NO: 2002-544937
DERWENT-WEEK: 200258
COPYRIGHT 1999 DERWENT INFORMATION LTD

TITLE: Diurnal breathing loss control canister
module system and constructing
method thereof

INVENTOR: OH, W S

PATENT-ASSIGNEE: KOREA FUEL TECH CORP[KOFUN]

PRIORITY—DATA: 2000KR—0046045 (August 9, 2000)

PATENT-FAMILY:I

PUB-NO PUB-DATE
LANGUAGE PAGES MAIN—IPC
KR 2002012826 February 20, 2002 N/A

001 B60K 015/10

A

APPLICATION—DATA:
PUB-NO APPL-DESCRIPTOR APPL-NO

APPL-DATE -

KR2002012826A N/A
2000KR-0046045 August 9, 2000

a DBL(Diurnal Breathing
Loss) control canister module sys
cut down expenses and
improve fuel efficiency by regulating DBL and
preventing evaporative gas of
fuel corresponding to exhaust gas regulation.

tem is provided to

09/23/2002, EAST1KferSion: l .03 .0002



175

DETAILED DESCRIPTION — Hydrocarbon is discharged
through a large canister(l),
and collected to a DBL control canister(2).
Activated carbon is filled in the
DBL control canister wi

A canister close valve(3)
is connected between the DBL control canister and
an air filter(4) to detect
leakage of gas, and air is purified with the air
filter. The DBL control
canister is fixed with a bolt and a nut(l7), or
integrally formed in the large
canister to prevent from being separated against
impact and vibration. Gas 18
evaporated with increasing temperature of fuel in a
tank, and evaporative gas
is adsorbed in activated carbon of the canister.
EvapOrative hydrocarbon is
adsorbed in the activated carbon of the DBL control
canister, and burned with
recycling to the engine by nega

' 'Fuel efficiency is

improved with regulating exhaust gas.
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Description

[0001] This invention relates to formed activated carbon and process for producing the same. More particularly it
relates to formed activated carbon for a fuel vapor collecting device, what is called "canister“, and a process for produc-

ing the same. .
[0002] An evaporative control system having a fuel vapor collecting device using activated carbon for pr venting
fuel vapor from dissipating in the air is known. This system is designed to have fuel vapor generated from afuel system,
such as a fuel tank, once adsorbed onto activated carbon of the fuel vapor collecting device and, when the engine is
driven to introduce the air, the fuel vapor collecting device is purged with the air to desorb the fu lvapor, which is burnt
in the engine.

[0003] The activated carbon exhibits higher adsorptivity for fuel vapor at a lower temperature. and higher desorp-
tivity at a higher temperature. Adsorption of fuel vapor is an exothermic reaction. while desorption is an endothermic
reaction. Therefore, with the progress of adsorption, the temperature of activated carbon elevates to gradually reduce
the adsorptivity. Similarly, the temperature of activated carbon drops to reduce the desorptivity with the progress of des-
orption. ‘ -
[0004] To solve this problem, JP-A-55—149622 proposes providing an activated carbon chamber with fin(s) for heat
release to efficiently dissipate the generated heat thereby preventing temperature rise in adsorption or temperature
drop in desorption to improve the adsorption and desorption efficiency. ‘ ‘
[0005] JP—A-64-36962 proposes a fuel vapor collecting device packed with a collecting material comprising acti-
vated carbon having dispersed therein a heat accumulating solid filler having a higher specific heat than activated car-
bon. The fuel vapor collecting device is prepared by kneading coal powder and a heat accumulating solid filler together
with a binder, forming, grinding, carbonizing, and activating. . '
[0006] According to JP-A—64-36962, however, since the heat accumulating solid filler is dispersed in activated car-
bon, the formed activated carbon hardly manifests a sufficiently increased specific heat, fails to have sufficient mechan- ~
ical strength, and is still unsatisfactory in adsorptivity and desorptivity. ' , .
[0007] In the practice a treatment for increasing the bulk density is required for obtaining increased adsorptivity per
unit volume. An activation treatment following forming has difficulty in securing sufficient mechanical strength or density

.consistently with high adsorptivity. A method comprising forming with an organic‘binder after activation (see JP-B-56-
37164, JP-B-55-43402, and JP-B-52-13517) and a method comprising forming with an inorganic binder (see JP-B-45-
12565 and JP-B-63-242343) have been proposedbut are still insufficient in securing high adsorptivity and desorptivity.
[0008] Under these circumstances, activated carbon having moderate strength and enhanced adsorptivity and des-
orptivity has been sought. An objectof the present invention is to provide activated carbon meeting such a demand.
[0009] The present inventors have conducted extensive studies to improve adsorptivity and desorptivlty of activated
carbon while retaining heat resistance, strength, and density. As a result, they have found that formed activated carbon
which has sufficient forming strength and can take full advantage of the high specific heat of a heat accumulating solid
filler can be obtained by kneading, forming and firing a mixture of activated carbon powder, a heat accumulating solid
filler whose particle size is relatively close to that of the activated carbon powder, clay, and specific compounds. ‘
[0010] The present invention provides formed activated carbon having a Kiya crushing strength (hereinafter
defined) of 1 kg or more and a specific heat of 0.4 J/k - cc or more at 25°C. ‘ _
[0011] The present invention also provides a process of producing formed activated carbon comprising kneading
100 parts by weight of activated carbon powder with (A) 10 to 100 parts by weight of clay, (B) 5 to 200 parts by weight
of a metal powder and/or a metal oxide powder, and (C) 2 to 20 parts by weight of a boron compound and/or a phos- .-
phorus compound, forming the mixture (plastic body). and firing the green body.
[0012] The present invention further provides formed activated carbon produced by the above process.
[0013] in preferred embodiments of the invention. the Kiya crushing strength is that of formed activated carbon hav-.
ing a diameter of 2.5 mm and a length of 4 mm; the metal powder is aluminum powder and/or magnesium powder; the
metal oxide powder is alumina powder and/or magnesium oxide powder; the boron compound is boric acid and/or dibo- .

~ ron trioxide (3203); the formed activated carbon has an average particle size of 0.5 to 5 mm; the firing temperature is.
500 to 900°C; and/or the formed activated carbon is for a fuel vapor collecting device. .
[0014] , The activated carbon powder which can be used in the invention includes various species obtained from
coal, coconut shell, wood, lignin, etc. by activation with steam or chemicals, such as phosphoric acid, zinc chloride or
an alkali metal. Phosphoric acid-activated wood-based carbon powder is preferred. From the standpoint of forming per-
formance and formed body strength, the activated carbon powder usually has a particle size of 0.5 mm or smaller, pref-
erably 0.05 to 0.15 mm. It is preferred for the activated carbon powder to comprise ZOO-mesh undersize particles in a
proportion of 60 to 95%, particularly 60% or more of 100—mesh undersize particles and not mere than 50% of 325-rnesh
undersize particles. It is still preferred thatthe activated carbon powder comprises 80% or more of 100-mesh undersize
particles and not more than 40% of 325-rnesh undersize particles, particularly 80 to 90% of 100-mesh undersize parti-
cles and 20 to 40% of 325-mesh undersize particles.
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D scription

[0001] ‘ This invention relates to formed activated carbon and process for producing the same. More particularly it
relates to formed activated carbon for a fuel vapor collecting device, whatiS called 'canister', and a process for produc-
ing the same.

[0002] An evaporative control system having a fuel vapor collecting device using activated carbon for preventing
fuel vapor from dissipatingIn the air is known This systemIs designed to have fuel vapor generated from a fuel system,
such as a fuel tank, once adsorbed onto activated carbon of the fuel vapor collecting device and, when the engine is
driven to introduce the air, the fuel vapor collecting device'Is purged with the air to desorb the fuel vapor, whichIs burnt
in the engine.

[0003] The activated carbon exhibits higher adsorptivity for fuel vapor at a lower temperature, and higher desorp-
tivity at a higher temperature. Adsorption of fuel vapor is an exothermic reaction, while desorption is an endothermic
reaction Therefore, with the progress of adsorption, the temperature of activated carbon elevates to gradually reduce
the adsorptivity. Similarly, the temperature of activated carbon drops to reduce the desorptivity with the progress of des-
orption.

[0004] To solve this problem, JP-A-55149622 proposes providing an activated carbon chamber with fn(s) for heat
release to efficiently dissipate the generated heat thereby preventing temperature rise in adsorption or temperature
drop'In desorption to improve the adsorption and desorption efficiency.

[0005] JP-A-64-36962 proposes a fuel vapor collecting device packed with a collecting material comprising acti-
vated carbon having dispersed therein a heat accumulating solid filler having a higher specific heat than activated car-

bon. The fuel vapor collecting deviceIs prepared by kneading coal powder and a heat accumulating solid filler together
with a binder, forming, grinding, carbonizing, and activating.

[0006] According to JP—A-64-36962, however, since the heat accumulating solid filler'Is dispersed in activated car-
bon, the formed activated carbon hardly manifests a sufficiently increased specific heat, fails to have sufficient mechan-
ical strength, and'Is still unsatisfactory'In adsorptivity and desorptivity.

[0007] in the practice a treatment forIncreasing the bulk densityIs required for obtaining increased adsorptivity per
unit volume. An activation treatment following forming has difficultyIn securing sufficient mechanical strength or density
consistently with high adsorptivity. A method comprising forming with an organic binder after activation (see JP-B-56-
37164, JP-8-55-43402, and JP-B52--13517) and a method comprising forming with an inorganic binder (see JP-B-45-

_ 12565 and .JP-B-63-242343) have been proposed but are still insufficient'In securing high adsorptivity and desorptivity.
[0008] Underthese circumstances, activated carbon having moderate strength and enhanced adsorptivity and des-
orptivity has been sought An object of the present Invention is to provide activated carbon meeting such a demand.
[0009] The present inventors have conducted extensive studies to'Improve adsorptivity and desorptivity of activated
carbon while retaining heat resistance, strength, and density. As a result, they have found that formed activated carbon
which has sufficient forming strength and can take full advantage of the high specific heat of a heat accumulating solid
filler can be obtained by kneading, forming and firing a mixture of activated carbon powder, a heat accumulating solid
filler whose particle size is relatively close to that of the activated carbon powder, clay, and specific compounds.

[0010] The present invention provides formed activated carbon having a Kiya crushing strength (hereinafter
defined) of 1 kg or more and a specific heat of 04 J/k cc or more at 25°C.

[0011] The present invention also provides a process of producing formed activated carbon comprising kneading

100 parts by weight of activated carbon powder with (A) 10 to 100 parts by weight of clay, (B) 5 to 200 parts by weight
of a metal powder and/or a metal oxide powder, and (C) 2 to 20 parts by weight of a boron compound and/or a phos-
phorus compound, forming the mixture (plastic body), and firing the green body.
[0012] The present invention further provides formed activated carbon produced by the above process.
[0013] In preferred embodiments of the invention. the Kiya crushing strength is that of formed activated caIbon hav-

ing a diameter of 2.5 mm and a length of 4 mm; the metal powder is aluminum powder and/or magnesium powder; the
I metal oxide powder is alumina powder and/or magnesium oxide powder, the boron compound'13 boric acid and/or dIbo-

ron trioxide (5203); the formed activated carbon has an average particle size of 0.5 to 5 mm; the firing temperature is
500 to 900°C, and/or the formed activated carbon"Is for a fuel vapor collecting device.
[0014] The activated carbon powder which can be used in the invention includes various species obtained from
coal, coconut shell. wood, lignin, etc. by activation with steam or chemicals, suCh as phosphoric acid, zinc chloride or‘

an alkali metal. Phosphoric acid-activated wood-based carbon powder'Is preferred. From the standpoint of forming per-
formance and formed body strength, the activated carbon powder usually has a particle size of 0.5 mm or smaller, pref-
erably 0.05 to 0.15 mm lt'Is preferred for the activated carbon powder to comprise 200-mesh undersize particles in a
proportion of 60 to 95%, particularly 60% or more of 100-mesh undersize particles and not more than 50% of 325-mesh

undersize particles. it is still preferred that the activated carbon powder comprises 80% or more of too-mesh und rsize

particles and not more than 40% of 325-mesh undersize particles, particularly 80 to 90% of too-mesh undersize parti-
cles and 20 to 40% of 325-rnesh undersize particl s.
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[0015] The activated carbon powderfor use in the invention usually has a specific surface area of 500 to 2500 m2/g,
preferably 1000 to 2000 m2/g, still preferably 1500 to 2000 m2/g. Activated carbon having too small a specific surface
area tends to have insufficient adsorptivity, while one having too large a specific surface area tends to have insufficient
strength.

[0016] The clay which can be used in the invention preferably includes bentonite, such as sodium bentonite and cal-
cium bentonite, with sodium bentonite being particularly preferred. Sodium bentonite, having a particle size ranging
from 1 to 100 pm, is not allowed to enter and clog the smaller pores than 300 A of activated carbon which participate in
gas or liquid adsorption and therefore secures high adsorptivity of activated carbon.
[0017] The heat accumulating solid filler which can be used in the invention includes powders of metals, sUch as
iron, aluminum, magnesium, copper and lead (or alloys-thereof), oxides or carbonates of one or more of these metals,
ceramics, or glass. Preferred of them are powders of metals or metal oxides.
[0018] In order to suppress the temperature fall of activated carbon while purging fuel vaporfrom the activated car-
bon, it is desirable for the heat accumulating solid filler to have a higher specific heat than activated carbon. Such heat
accumulating solid fillers include metal powders, e.g., aluminum poWder, aluminum alloy powder, and magnesium pow-
der; metal oxide powders, e.g., alumina powder, magnesium oxide powder, and boron oxide powder; and metal carbon- .
ate powders, e.g, calcium carbonate powder and magnesium carbonate powder. Preferred ofthem are aluminum
poWder, alumina powder, and magnesium oxide powder. These metal powders, metal oxide powders and metal carbon-
ate powders can be used either individually or as a mixture of two or more thereof. Metal oxide powders are preferred
for their chemical stability. From this vieinoint, alumina powder and magnesium oxide powder are the most preferred.
[0019] Alumina species of alumina powder includes u-aiumina, B-aiumina, 'y-alumina, 8-alumina, x-alumina, n-alu-
mina, e-alumina, and K-alumina, with a—alumina being preferred.
[0020] The heat accumulating solid filler for use in the invention usually comprises about 95% of 60‘mesh under-
size particles and preferably has a particle size in the range of from 50 to 800 pm, particularly from 50 to 150 pm. Too
large or too small a particle size of the heat accumulating solid filler tends to impair forming performance only to pro- _

I duce a formed body with a low strength or density, which is hard to handle. It is desirable that the particle size of the
heat accumulating solid filler be relatively close to that of the activated carbon powder, for example, be Within 0.1 to 10 .
times, particularly 0.5 to 3 times, the particle size of the activated carbon.
[0021] The boron compound which can be used in the present invention includes boranes, such as borane and dib-
crane; acids, such as boric acids, borinic acid, and boronic acid; esters of these acids; organic boron compounds,.such
as boroxine and borazinederivatlves having the hydrogen atoms displaced with an alkyl group having 1 to about 20.car- ,
bon atoms or an aryl group having 6 to about 20 carbon atoms; carboran; and diboron trioxide (8203). Preferred of them
are boric acids and 5203. Boric acids are still preferred. Of boric acids, which include orthoboric acid, metaborlc acid,
and tetraboric acid, orthoboric acid is preferred. The boron compound is preferably used as ground to have such apar-
ticle size distribution comprising about 95% of 100-mesh undersize particles. .
[0022] The phosphorus compound which can be used in the invention includes phosphoric acids (orthophosphoric
acid and polyphosphoric acids) and phosphoric acid salts, such as sodium phosphate, calcium phosphateand triphos-
phates, with phosphoric acids being preferred. - ‘ , - . ' . '
[0023] The boron compound and the phosphorus compound have an action of decreasing the temperature at Which '
the clay changes its crystal form in firing the green body. That is, they are effective in lowering the firing temperature
and developing the strength of formed activated carbon thereby to suppress contraction of pores due to the thermal his-
tory of the matrix activated carbon. it is believed therefore that these compounds contribute to a good balance between
adsorptivity and strength. _
[0024] The formed activated carbon according to the invention can be obtained from 100 parts by weight of the acti-
vated carbon powder compounded with 10 to 100 parts by weight, preferably 40 to 80 parts by weight. of the clay, 5 to
200 parts by weight, preferably 50 to 150 parts by weight, still preferably 100 to 150 parts by weight, of the heat accu-
mulating solid filler, and 2 to 20 parts by weight, preferably 5 to10 parts by weight, of the boron compound and/or the
phosphorus compound. For example, the activated carbon powder, the clay, the heat accumulating solid filler, and the
boron compound are mixed at a ratio of 10:6:10:1 by weight. Too much clay reduces adsorptivity, and too little clay
reduces forming performance and strength. Use of too large an amount of the heat accumulating solid filler results in _
reduction in forming performance and strength of formed carbon. When used in'too small an amount, the heat accumu-
lating solid filler produces small effects on improvement of adsorptivity and desorptivity. The boron compound and/or
the phosphorus compound, when used in too large an amount, reduces adsorptivity and desorptivity. If the amount is
too small, the strength of formed carbon reduces. .
[0025] The formed activated carbon of the invention can be obtained by kneading the above-described components
together with an adequate amount of a plasticizer, such as water, forming the mixture, and firing the resuiting green
body. Kneading is usually conducted by means of a mixing machine, such as a kneader, at ambient temperature until
the mixture develops such plasticity that the body may be held with hands. The amount of water to be added is such
that the body may be held with hands, usually 50 to 200 parts by weight, preferably 100 to 150 parts by weight, per 100
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parts by weight of the activated carbon powder.

[0026] The resulting plastic body is formed by an appropriate forming machine, e.g., an extruder or a press, into

granules of desired shape, such as a cylindrical shape or a spherical shape. Preferably, the plastic body is granulated

by extrusion. if desired, the granules are ground by_mean_s of an appropriate grinder and sized within a desired particle
size range.

[0027] The granules or grinds are fired in an oxygen-free atmosphere at 400 to 1000°C, preferably 500 to 900°C,
to obtain formed activat d carbon of the invention.

[0028] it is preferable that the granules be subjected to rolling treatment with a rolling apparatus, such as a tumbler

tester, before firing to make the surface smooth and thereby to increase the bulk density. The rolling treatment is usually

performed at about 30 to 300 rpm, preferably about 50 to 100 rpm, for about 10 minutes to 10 hours, preferably about
30 minutes to 3 hours.

[0029] If desired, the firing treatment may be preceded orfollowed by washing or drying. Washing is carried out with
a washing liquid giving no influence on the adsorption performance, usually deionized water or tap water, for several

tens of seconds to several hours, preferably about 10 minutes to 1 hour The washing system is heated appropriately,
usually at 30 to 100°C, or boiled. Drying'Is conducted usually at about 50 to 200°C, preferably about 100 to 150°C, for

’aboutO.5 to 50 hours, preferably about 1 to 10 hours.

[0030] The formed activated carbon according to the invention has a Kiya crushing strength of 1 kg or more, pref-
erably 1 to 15 kg. The Kiya crushing strength is typically measured on a cylindrically formed activated carbon granule
having a diameter of 2.5 mm and a length of 4 mm. The formed activated carbon of the invention is suited for use in a

canister of automobiles. For this use, the formed activated carbon preferably has a Kiya crushing strength of 3 kg or

mo .Formed activated carbon having too small a Kiya crushing strengthIs readily powderized while being packed or
used to have an increased permeation resistance (pressure loss).

[0031] The terminology 'Kiya crushing strength' as used herein means a hardness measured as follows. A sample
is placed on a mount and pressed down by a cylinder with its base facing down under a slowly'Increasing load. The
applied load and the resistance of the sample are monitored, and the load at which the resistance falls to zero (i.e., at

the time when the sample is crushed to break the contact between the sample and the base of the cylinder) is taken as

a Kiya crushing strength. The measurement can easily be made with a commercially available Kiya type hardness
test r. The Kiya crushing strength of the formed activated carbon according to the invention is 1 kg or more, preferably

3 to 15 kg, as measured on a granular sample of 2.5 mm in diameter and 4 mm in length.

[0032] The formed activated carbon of the invention desirably has a specific heat (25°C) of 0.4 J/k - cc or more, par-
ticularly 0.5 J/k ° cc or more, which is preferred for preventing a temperature elevation during fuel vapor adsorption and

for suppressing a temperature fall during fuel vapor desorption. If the specific heat ls too low, the effects ofadsorption

and desorption are insubstantial. Considering the limited specific heat of the heat accumulating solid filler incorporated,
the upper limit of the specific heat of the formed activated carbon would be about 0.8 J/k- cc.

[0033] The specific heat (25°C) can be measuredIn a usual manner. For example, it is obtained with a Perkin Elmer
DSC7 equipped with lntracooler System using synthetic sapphire, etc. as a standard substance.

[0034] For use in canisters of automobiles, the formed activated carbon preferably has an average particle size of
0.5 to 5 mm, particularly 2 to 3 mm, and a length of about 0.5 to 10 mm, preferably about 3 to 5 mm. Too small particles

increase permeation resistance, and too large particles have reduced packing density, leading to reduced performance.

[0035] Having the above-described physical properties, the formed activated carbon of the invention, as used at a _.
packing density of 0.6 to 0.8,g/cc, exhibits such an ability of adsorbing and desorbing fuel vapor (e.g., gasoline vapor)
as has a leak (second time) of about 0.009 to 0.012 gin a DBL test hereinafter described. It is therefore suitable for use '

as an adsorbent of a fuel vapor collecting device (canister) of an evaporative control system.

[0036] The present invention will now be illustrated in greater detail with reference to Examples, but it should be

understood that the invention is not deemed to limited thereto. Measurements were made In Examples as follows.

_ Unless otherwise noted, all the parts and percents are by weight.

1) DBL test

i. Gasoline vapor was passed through a canister filled with activated carbon until a breakthrough of 2 g, and

the canister was then purged with a 400-fold amount of air. ‘
ii. The above operation was repeated 10 cycles. After 11th adsorption, the canister was allowed to stand at
ambient temperature for 1 day (soaking).

iii. After the canister Was purged with a 400-fold amount of air, 50% butane was passed at a rate of 40 g/hr until
a breakthrough of 2 9.

iv. After the canister was purged under conditions in conformity with the kind of the automobile (with an about

BOO-fold amount of air) and soaked, the following diurnal test was carried out.

v. The canister was connected to a gasoline tank, and a Tedlar bag for leak measurement was attach d to the
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outlet of the canister.

vi. The gasoline temperature was raised from 18°C up to 4
leak).

vii. The gasoline temperature was dropped from 41°C to 18°C over 12 hours.
viii. The gasoline temperature was raised from 18°C to 41°C over 12 hours. and the leak was measured (sec-
ond leak).
ix. The leak was obtained from (concentration of the gas in the Tedlar bag) x (volume of the Tedlar bag).

1°C over 12 hours, and the leak was measured (first

2) n-Butane adsorption

an

i. A glass column was packed with 20 ml of activated carbon and'kept at 25°C.
ii. 100% n-Butane was passed through the column at a rate of 105.4 mein for 20 minutes to measure a
saturated adsorption. .

iii. Nitrogen gas was passed through the column at a rate of 200 ml/min for 20 minutes at 25°C to measure
a residual adsorption.

iv. An effective adsorption was obtained from [(saturated adsorption) - (residual adsorption”. '

2-2)

i. A glass column was packed with 20 ml of activated carbon and kept at 25°C.
ii. 100% n-Butane was passed through the column at a rate of 105.4 ml/min for 15 minutes to measured a
saturated adsorption.

iii. Nitrogen gas was passed through the column at a rate of 300 ml/min for 40 minutes at 25°C to measure
a residual adsorption. .

iv. An effective adsorption was obtained from [(saturated adsorption) - (residual adsorption)].

3) Specific heat
A Perkin Elmer DSC7 equipped with lntracooler System was used. Synthetic sapphire (specific heat at 25°C:

0.652 J - g - °C) was used as a standard substance. A sample (several cylindrical granules of formed activated car-
bon laid sideways on a mount) was maintained at 0°C for 5 minutes in a nitrogen atmosphere, heated at a rate of
10°C/min up to 50°C, at which it was maintained for 5 minutes, and the specific heat at 25°C was measured.
4) Kiya crushing strength ,

Kiya crushing strength of 25 formed activated carbon granules having a length of 3 to 5 mm was measured with
a Kiya type hardness tester, and an average was obtained.

EXAMPLE 1

[0037] Wood-based granular activated carbon (specific surface area: 1500 m2/g) was ground in a sample mill to
such a degree that about 90% of particles had a 100-mesh undersize.
[0038] The resulting activated carbon powder (100 parts) was mixed with 63 parts of sodium bentonite (specific
heat: 0.75 J/k - g), 10 parts of boric acid powder (100-mesh undersize), and 108 parts of aluminum powder (100-mesh
undersize (about 75 to 150 um); specific heat (25°C): 0.90 J/k-g) in a kneader for 15 minutes. To the mixture was
added 125 parts of water, and kneading was continued for an additional 45 minute period.
[0039] _ The resulting plastic body was formed into cylinders having a diameter of about 2.5 mm and a length of
about 4 mm by means of a disc pelleter, which were rolled in a tumbler tester at 50 rpm for 60 minutes.
[0040] The activated carbon pellets were dried in a hot-air drier at 115°C for 6 hours and then fired in a rotary kiln
in a nitrogen atmosphere at 650°C for 1 hour. The fired carbon was boiled in 10 time as much deionized water as the
carbon for 30 minutes to remove excess boric acid, followed by dewatering and drying at 115°C for 6 hours..The phys-
ical properties and performance of the resulting formed activated carbon are shown in Table 1 below.

EXAMPLE 2

[0041] Formed activated carbon was prepared in the same manner as in Example 1, except for replacing the alu-
minum powder with 126 parts of a-alumina powder (particle size: 50 to 300 um; average particle size: about 150 um;
specific heat (25°C): 0.77 J/k - g). The physical properties and performance of the resulting formed activated carbon are
shown in Table 1.
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.EXAMPLE 3

[0042] Formed activated carbon was prepared in the same manner as in Example 1, except for replacing the alu-

minum powder with 108 parts. of u~alumina powder (particle size: 50 to 300 pm; average particle size; about 150 pm;
5 specific heat (25°C):

10

15

55

184



185

.moHQmemmfiuuummsoooucognacmm:.Nx

.uuia. .::30
use:on»:

1&0va09:09:...“25:65nuocouum7!:uuufiuoamu.uaooam.u.once. usqznsuuoaqxonmmadman“:Ame.5zap.—.¢o«uauonv<accuser:a>§
-2852...cc...535$3.329:mm:2-222::

amamfiu
25

so

35

4a

45

so

.0

 
,_A,

XL.

55

[0043] The present invention provides activated carbon having moderate strength and improved adsorptivity and
desorptivity and suited for use in canisters.
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[0044] The entire disclosure of each and every foreign patent application from which the benefit of foreign priority
has been claimed in the present application is incorporated herein by reference, as if fully set forth.

10.

11.

12.

13.

14.

15.

16.

17.

, Claims

A formed activated carbon having a Kiya crushing strength of 1 kg or more and a specific heat of 0.4 J/K- cc or
more at 25°C. '

The formed activated carbon according to claim 1, wherein the Kiya crushing strength is that of the formed acti-

vated carbon having a diameter of 2.5 mm and a length of 4 mm.

The formed activated carbon according to claim 1, which has a Kiya crushing strength of 1 to 15 kg in a formed
activated carbon with a diameter of 2.5 mm and a length of 4 mm.

The formed activated carbon according to claim 1, which has a specific heat of 0.4 to 0.8 J/k - cc at 25°C. .

The formed activated wrbon according to claim 1, whichhas an average particle size of 0.5 to 5 mm.

The formed activated carbon according to any one. of claims 1 to 5, which is obtained by a process comprising
kneading 100 parts by weight of an activated carbon powder with (i) 10 to 100 parts by weight of clay, (ii) 5 to 200.
parts by weight of a heat accumulating solid filler, and (iii) 2 to 20 parts by weight of a boron compound, a phos-
phorus compound or a mixture thereof, to prepare a plastic body, forming the resulting plastic body to prepare a
green body, and firing the green body.

The formed activated carbon according to claim 6, wherein the heat accumulating solid filler has a higher specific
heat than the activated carbon powder. '

The formed activated carbon according to claim 6, wherein the heat accumulating solid filler. is a metal powder, a
metal oxide powder or a mixture thereof. '

The formed activated carbon according to claim 8, wherein the metal powder is aluminum powder, magnesium 
powder oramixturethereof. , . _..,.:.___ W. ,

The formed activated carbon according to claim 8, wherein the metal oxide powder is alumina powder, magnesium
oxide powder or a mixture thereof. ‘

The formed activated carbon according to claim 6, wherein the boron compound is boric acid, diboron trioxide

(8203) or a mixture thereof.

The formed activated carbon according to claim 6, wherein the firing is at 500 to 900°C.

The formed activated carbon according to claim 6, wherein the heat accumulating solid filler is used in an amount -
of 100 to 150 parts by weight per 100 parts by weight of the activated carbon powder.

The formed activated carbon according to claim 1, which is for a fuel vapor collecting device.

A formed activated carbon obtained by a process comprising kneading 100 parts by weight of an activated carbon
powder with (A) 10 to 100 parts by weight of clay, (B) 5 to 200 parts by weight of a metal powder, a metal oxide
powder or a mixture thereof, and (C) 2 to 20 parts by weight of a boron compound, a phosphorus compound or a
mixture thereof, to prepare a plastic body, forming the resulting plastic body to prepare a green body, and firing the
green body.

The formed activated carbon according to claim 15, wherein the metal powder and the metal oxide powder have a
higher specific heat than the activated carbon powder.

The formed activated carbon according to claim 15, wherein the metal powder is aluminum powder, magnesium
powder or a mixture thereof.
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18. The formed activated carbon according to claim 15, wherein the metal oxide powder is alumina powder, magne-

sium oxide powder or a mixture thereof.

19. The formed activated carbon according to claim 15, wherein the boron compound is boric acid, diboron trioxide
5 (8203) or a mixture thereof.

20. The formed activated carbon according to claim 15, which has an average particle size of 0.5 to 5 mm.

21. The formed activated carbon according to claim 15, wherein the firing is at 500 to 900°C.
10

22. The tormed activated carbon according to claim 15, wherein the heat accumulating solid filler is used in an amount
of 100 to 150 parts by weight per 100 parts by weight of the activated carbon powder. '

23. The formed activated carbon according to any one of claims 15 to 22, which is for a fuel vapor collecting device.
15 ' ‘ ‘

24. A process for producing a formed activated carbon, which comprises kneading 100 parts by weight of an activated
carbon powder with (A) 10 to 100 parts by weight of clay, (B) 5 to 200 parts by weight of a metal powderfa metal
oxide powder or a mixture thereof, and (C) 2 to 20 parts by weight of a boron compound, a phosphorus compound
or a mixture thereof, to prepare a plastic body, forming the resulting plastic body to prepare a green body, and firing

20 the green body.

25. A process for producing a formed activated carbon according to claim 24, wherein the firing is at 500 to 900°C.

26. A process for producing a formed activated carbon according to claim 24, wherein the green body ls subjected to
' 25 ' a rolling treatment, after the forming and before firing. ~
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 10/690,298 HILTZIK ET AL.

Examiner Art Unit ,

Frank M. Lawrence 1724

ears on the cover sheet with the correspondence address --

 Office Action Summary

 

  -- The MAILING DA TE of this communication app
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE g MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however. may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- Ifthe period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- lf NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date ofthis communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office Iaterthan three months after the mailing date ofthis communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

HIE Responsive to communication(s) filed on 21 October 2003.

2a)l] This action is FINAL. 2b)|:] This action is non-final.

3012 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 CC. 213.

Disposition of Claims

4)IZ Claim(s) fl is/are pending in the application.

4a) Of the above Claim(s) __ is/are withdrawn from consideration.

5)IZ| Claim(s) fl is/are allowed.

6):] Claim(s) __ is/are rejected.

7)|:] Claim(s) __ is/are objected to.

8)I:I Claim(s)_ are subject to restriction and/or election requirement.

Application Papers

9)|Xl The specification is objected to by the Examiner.

10)EI The d'rawing(s) filed on_ is/are: a)[] accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)I:] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[:| Acknowledgment is made of a claim forforeign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)EI All b)I:I Some * c)I:I None of: '

1:] certified copies ofthe priority documents have been received.

2.I:I Certified copies of the priority documents have been received in Application No.

3.I:I Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.
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US. Patent and Trademark Office
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Application/Control Number: 10/690,298 Page 2

5 Art Unit: 1724

DETAILED ACTION

Specification

1. The disclosure is objected to because of the following informalities: There appears to be a

typographical error in line 35 of claim 43. The recitation “air flow” is both bracketed and

underlined and should be deleted.

Appropriate correction is required.

Reissue Applications

2. The original patent, or a statement as to loss or inaccessibility of the original patent, must

be received before this reis‘s’ue application can be allowed. See 37 CFR 1.178.

Allowable Subject Matter

> 3. Claims 1-54 are allowed.

4. The following is an examiner’s statement of reasons for allowance: Claims 1—30 are

unchanged and remain allowable for the reasons given in the notice of allowance office action

mailed with the parent application. Claims 31-54 are allowable because the prior art fails to

disclose or suggest an evaporative emissions control canister having the improvement of an

initial adsorbent volume having incremental adsorption capacity at 25° C of greater than 35 g n-

butane/L between vapor concentrations of 5 vol% and 50 vol% n-butane and at least one

subsequent adsorbent volume having an incremental adsorption capacity of less than 35 g n-

butane/L between vapor concentrations of 5 vol% and 50 vol% n-butane, as described in

independent claims 31 and 43.

Any comments considered necessary by applicant must be submitted no later than the

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
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Application/Control Number: 10/690,298 Page 3

Art Unit: 1724

fee. Such submissions should be clearly labeled “Comments on Statement ofReasons for

Allowance.”

Conclusion

5. This application is in condition for allowance except for the following formal matters:

The minor error in the claim and the lack of the original patent submission as described in

paragraphs 1 and 2 above.

Prosecution on the merits is closed in accordance with the practice under Ex parte

Quayle, 1935 CD. 11, 453 0G. 213.

A shortened statutory period for reply to this action is set to expire TWO MONTHS

from the mailing date of this letter.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Frank M. Lawrence whose telephone number is 571-272-1161.

- The examiner can normally be reached on Mon-Thurs 7:30-6:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Blaine Copenheaver can be reached on 571-272-1156. The fax phene number for the

organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair—direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866—217—9197 (toll-free).
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Application/Control Number: 10/690,298 Page 4

Art Unit: 1724

Frank M. Lawrence

Primary Examiner
Art Unit 1724
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Appl. No. : 10/690,298 Confirmation No.: 2091

Applicants : L. H. Hiltzik, J. Z. Jagiello, E. D. Tolles, and R. S. Williams
Filed : October 21, 2003

TC/A.U. : 1724

Examiner : Frank M. Lawrence Jr.

Docket No. : CHR 2001-79 (reissue)
Customer No. : 36876

For: ' : Method For Reducing Emissions From Evaporative Emission Control
Systems

Honorable Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT AND RESPONSE

Dear Sir: I

In response to the Office Action mailed March 19, 2004, having a shortened statutory

period for response set to expire on May 19, 2004, reconsideration is respectfully requested in

View of the following amendments and remarks.

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this

paper.

Remarks/Arguments begin on page 10 of this paper.
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Appl. No. 10/690,298 . Case Docket No. CHR 2001-79 (reissue)
Amdt. Dated March 31, 2004

Reply to Office action of March 19, 2004

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

We claim:

1. (original): A method for reducing fuel vapor emissions in automotive evaporative

emissions control systems comprising the steps of contacting the fuel vapor with an

initial adsorbent volume having incremental adsorption capacity at 25°C of greater than

35 g n-butane/L between vapor concentrations of 5 vol% and 50 vol% n-butane and at .

least one subsequent adsorbent volume having an incremental adsorption capacity of less

than 35 g n-butane/L between vapor concentrations of 5 vol% and 50 vol% n-butane.

(original): The method of claim 1 comprising a single subsequent adsorbent volume.

(original): The method of claim 1 comprising multiple subsequent adsorbent volumes.

(original): The method of claim 2 wherein the initial adsorbent volume and the

subsequent adsorbent volume are located within a single automotive evaporative

emission control canister.

(original): The method of claim 3 wherein the initial adsorbent volume and the

subsequent adsorbent volumes are located within a single automotive evaporative

emission control canister.

(original): The method of claim 2 wherein the initial adsorbent volume and the

subsequent adSorbent volume are located in separate canisters that are connected to

permit sequential contact by the fuel vapor.

(original): The method of claim 3 wherein the initial adsorbent volume and at least one

subsequent adsorbent volume are located in separate canisters that are connected to

permit sequential contact by the fuel vapor.

(original): The method of claim 1 wherein the initial adsorbent volume and the

subsequent adsorbent volume are activated carbon derived from materials selected from

‘ Page2of11
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Appl. No. 10/690,298 Case Docket No. CHR 2001-79 (reissue)
Amdt. Dated March 31, 2004

Reply to Office action of March 19, 2004

10.

11.

12.

13.

14.

15.

16.

17.

the group consisting of wood, peat, coal, coconut, lignite, petroleum pitch, petroleum

coke, coal tar pitch, fruit pits, nut shells, sawdust, wood flour, synthetic polymer, and

natural polymer havingbeen activated by a process selected from the group consisting of

chemical, thermal, and combined chemical/thermal activation methods.

(original): The method of claim 1 wherein the initial adsorbent volume and the
subsequent adsorbent volume are inorganic materials selected from the group consisting
of zeolites, porous silica, porous alumina, pillared clays, and molecular sieves,

(original): The method of claim 1 wherein the initial adsorbent volume and the

subseouent adsorbent volume are porous polymers.

(original): The method of claim 1 wherein the subseduent adsorbent v01ume exhibits

adsorption capacities achieved by volumetric dilution.

(original): The method of claim 11 wherein the volumetric dilution is accomplished by

the addition of a non-adsorbing filler as a co-ingredient by an addition process selected

from the group consisting of addition with the activated carbon raw material prior to

activation, addition with the adsorbent before forming into a shaped particle or monolith,
and a combination thereof.

(original): The method of claim 11 wherein the volumetric dilution is accomplished by

forming the adsorbent into high voidage shapes selected from the group consisting of

stars, hollow cylinders, asterisks, spirals, cylinders, and configured ribbons.

(original): The method of claim 11 wherein the volumetricdilution is accomplished by

forming the adsorbent into a honeycomb or monolith shape. I

(original): The method of claim 11 wherein the volumetric dilution is accomplished by

the use of inert spacer particles, trapped air spaces, foams, fibers, and screens external to

the adsorbent. .

(original): The method of claim 12 wherein-the non-adSorbing filler is a solid after

processing.

(original): The method of claim 12 wherein the non-adsorbing filler is volatized or

combusted to form voidages larger than 50131 width within the shaped particle or

monolith.

Page 3 of 11

211'



212

Appl. No. 10/690,298 Case Docket No. CHR 2001-79 (reissue)
Amdt. Dated March 31, 2004 . . ‘ '

Reply to Office action of March 19, 2004'

18.

19. ’

20.

21.

22.

23.

24.

(original): In a method of reducing fuel vapor emissions in an automotive evaporative

emissions control system comprising removing at least one volatile organic compound

from a volatile organic compound-containing fi1e1 vapor by routing the fuel vapor

through a vapor adsorbent, the improvement comprising sequentially routing the fuel

vapor through an initial adsorbent material-containing volume wherein the initial

adsorbent material is characterized by an incremental adsorption capacity atl25°C of

greater than 35 g n—butane/L between vapor concentrations of 5 vol% and 50 vol% n-

butane before routing the fluid stream through at least one subsequent adsorbent-

containing volume prior to venting to the atmosphere wherein the subsequent adsorbent-

containing volume is characterized by an incremental adsorption capacity at 25°C of less

than 35 g n-butane/L between vapor concentrations of 5 vol% and 50 vol% n-butane.

(original): The method of claim 18 wherein the initial adsorbent volume and the I

subsequent adsorbent volume are located in a single automotive evaporative emissions

canister.

(original): The method of claim 18 wherein the initial adsorbent volume and the

subsequent adsorbent volume are located in separate canisters thatare connected to

permit sequential contact by the fuel vapor.

(original): The method of claim 18 wherein the initial adsorbent volume and the

subsequent adsorbent volume are activated carbon derived from materials selected from

the group consisting of wood, peat, Coal, coconut, lignite, petroleum pitch, petroleum

coke, coal tar pitch, fruit pits, nut shells, sawdust, wood flour, synthetic polymer, and

natural polymer and activated by chemical and/or thermal activation methods.

(original): The method of claim 18 wherein the initial adsorbent volume and the

subsequent adsorbent volume are inorganic materials selected from the group consisting

of zeolites, porous silica, and molecular sieves.

(original): The method. of claim 18 wherein the initial adsorbent volume and the

subsequent adsorbent volume are porous polymers.

(original): The method of claim 18 wherein the subsequent adsorbent volume exhibits

adsorption capacities achieved by volumetric dilution.

Page 4 ofll
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Appl. No. 10/690,298 Case Docket No. CHR 2001-79 (reissue)

Amdt. Dated March 31, 2004

Reply to Office action of March 19, 2004

25.

26.

27.

28.

29.

30.

31.

(original): The method of claim 24 wherein the volumetric dilution is accomplished by

the addition of a non-adsorbing filler as a coI-ingredient by an addition process selected I

from the group consisting of addition with the activated carbon raw material prior to

activation, addition with theadsorbent before forming into a shaped particle or monolith,
and a combination thereof. I I I i I .

(original): The method of claim 24 wherein the volumetric dilution is accomplished by
forming the adsorbent into high voidage shapes selected from the group (consisting of

stars, hollow cylinders, asterisks, spirals, cylinders, and configured ribbons.

(original): The method of claim 24 wherein the volumetric dilution is accomplished by

forming the adsorbent into a honeycomb or monolith shape.

(original): The method of claim 24 wherein the volumetric dilution is accomplished by

the use of inert spacer particles, trapped air spaces, feams, fibers, and screens external to

the adsorbent. I

(original): The method of claim 25 wherein the non-adsorbing filler is a solid after

processing.

(original): The method of claim 25 wherein the non-adsorbing filler is volatized or

combusted to form voidages larger than 5051 Width within the shaped particle or

monolith. ‘

(currently amended) In an evaporative emissions control system for a vehicle comprising,

in combination, a» fuel tank for storing a volatile fuel, an engine having an air induction
system and adapted to consume the fiiel, a canister containing an initial volume of fuel

vapor adsorbent material for temporarily adsorbing and storing fuel vapor from the tank,

a conduit for conducting fuel vapor from the tank to a canister vapor inlet, a fuel vapor

purge conduit from a canister purge outlet to the induction system of the engine, and a

vent/air opening for venting the canister and for admission of air to the canister during .

operation of the engine induction system, wherein the canister is defined by a fuel vapor

flow path via the canister-vapor inlet through the initial volume of vapor adsorbent-within

a first region of the canister toward the vent/air opening, and an air flow path through a

subsequent volume of adsorbent within a second region of the canister at the vent/air

Page5of11-
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Appl. No. 10/690,298 Case Docket No. CHR 2001-79 (reissue)

Amdt. Dated March 31, 2004 '

Reply to Office action of March 19, 2004

32.

33.

34.

opening and the first region at the purge outlet, such that fuel vapor formed in the tank

flows through the vapor inlet into the initial volume of adsorbent where it is adsorbed

and, during operation of the engine induction system, ambient air flows in a path to and

through the vent/air lopening and along the airflow path in the canister through the initial

volume and the purge outlet to the induction system of the engine, the flow of air

removing a pertion of the adsorbed fuel vapor but leaving a residue of fuel in theinitial

volume, V I I

the improvement wherein’at least one subsequent volume of Vapor adSOrbent

material comprises a volume of 1% to 100% of the first volume and is located

either inside of the canister within the second region thereof or outside of the

canister, and wherein the initial volume of vapor adsorbent material is

characterized by an incremental adsorption capacity at 25°C of greater than 35 g

n-butane/L-bed between vapor concentrations of 5 vol% and 50 vol% n-butane
before routing the [fluid stream] a_ir_flfl through at least one subsequent volume

of vapor-adsorbent material wherein the subsequentvolume of vapor adsorbent

material is characterized by an incremental adsorption capacity at 25°C of less

than 35 g n-butane between vapor concentrations of 5 vol% and 50 vol% n-'

butane. .

(previously presented) The system of claim 31 wherein the secondvolume of vapor

adsorbent material is located outside the canister in a separate subsequent canister.

(previously presented) The system of claim 31 wherein the initial volume. of vapor .

adsorbent material and the subsequent volume ofvapor adsorbent material are activated

carbon derived from materials selected from the group consisting of wood, peat, coal,

coconut, lignite, petroleum pitch, petroleum coke, coal tar pitch, fruit pits, nut shells,

sawdust, wood flour, synthetic polymer, and natural polymer having been activated by a

process selected from the group consisting of chemical, thermal, and combined

chemical/thermal activation methods. _

(previously presented) The system of claim 31 wherein the initial volume of vapor .

adsorbent material and the subsequent volume of vapor adsorbent material are inorganic
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35.

36.

37.

38.

39.

40.

41.

42.

43.

materials selected from the group consisting of zeolites, porous silica, porous alumina,

pillared clays, and molecular sieves.

(previously presented) The system of claim 31 wherein the initialvolume of vapor

adsorbent material and the subsequent volume of vapor adsorbent material are porous

polymers.

(previously presented) The system of claim 31 wherein the subsequent volume of vapor

adsorbent material exhibits'adsorption capacities achieved by volumetric dilution.

(previously presented) The system of claim 36 wherein the volumetric dilution is

accomplished by the addition of anon-adsorbing filler as a co-ingredient by an addition

process selected from the group consisting of addition with the activated carbon raw

material prior to activation, addition with the adsorbent before forming into a shaped

particle or monolith, and a combination thereof.

(previously presented)'The system of claim 36 wherein the volumetric dilution is

accomplished by. forming the adsorbent material intohigh voidage shapes selected from

the group consisting of stars, hollow cylinders, asterisks, spirals, cylinders, and

configured ribbons. ,

(previously presented) The system of claim 36 wherein the volumetric dilution is

accomplished by forming the adsorbent into a honeycomb or monolith shape.

(previously presented) The system of claim 36 wherein the volumetric dilution is

accomplished by the use of inertspacer particles, trapped airspaces, foams, and screens

external to theadsorbent.

(previously presented) The system of claim 37 wherein the non-adsorbing filler is a solid

after processing.

(previously presented) The system of claim 37 wherein the non-adsorbing filler is

volatized or combusted to form voidages larger than 50A width within the shaped particle

or monolith. _

(currently amended) A canister operative for use in automotive systems for emission

control defined by a canister vapor inlet to permit a fuel vapor flow path through an

initial volume of vapor adsorbent within a first region of the canister toward a canister

Page 7 ofll
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44.

45.

46.

vent/air opening to permit a continued air flow path through a subsequent volume of

adsorbent within a second region of the canister at the vent/air opening and the first

region at a canister purge outlet, such that fuel vapor formed in a tank for storing volatile

fuel flows through the canister vapor inlet into the initial volume of adsorbent where it is

adsorbed and, during operation of an engine induction system, ambient air is caused to

flowin a path to and through the vent/air opening and along the air flow path1n the
canister through the initial volume and the purge outlet to the induction system of the

engine, wherein the flow of air removinga portion of the adSOrbed fuel vapor but leaving
a residue of filel1n the~ initial volume, and wherein at least one subsequent volume of

vapor adsorbent material comprises a volume of 1% to 100% of the initial volume and is

located either inside of the canister within the second region thereof or outside of the

canister, and wherein the initial volume of vapor adsorbent material is characterized by

an incremental adsorption capacity at 25°C of greater than 35 g n-butane/L-bed between

vapor concentrationsof 5 vol% and 50 .vol% n-butane before routing the [fluid stream

[]air flow[?]] through at least one subsequent volume of vapor adsorbent material

wherein the subsequent volume of vapor adsorbent material is characterized by an

incremental adsorption capacity at 25°C of less than 35 g n-butane between vapor

concentrations of 5 vol% and 50 vol% n-butane. I

(previously presented) The canisterof claim 43 wherein the second volume-of vapor

adsorbent material is located outside the canister in a separate subsequent canister.

(previously presented) The canister of claim 43 wherein the initial volume of vapor

adsorbent material and the subsequent volume of vapor adsorbent material are activated

carbon derived from materials selected from the group consisting of wood, peat, coal,

coconut, lignite, petroleum pitch, petroleum coke, coal tar pitch, fruit pits, nut shells,

sawdust, wood flour, synthetic polymer, and natural polymer having been activated by a

process selected from the group consisting of chemical, thermal, and combined

chemical/thermal activation methods.

(previously presented) The canister of claim 43 wherein the initial volume of vapor

adsorbent material and the subsequent volume of vapor adsorbent material are inorganic
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47.

48.

49.

50.

51.

52.

53.

54.

materials selected from the group consisting of zeolites, porous silica, porous alumina,

pillared clays, and molecular sieves. I

(previously presented) The canister of claim 43 wherein the initial volume of vapor

adsorbent material and the subsequent volume ofvapor adsorbent material are porous

polymers.

(previously presented) The canister of claim 43 wherein the subsequent volume of vapor

adsorbent material exhibits adsorptiOn‘ capacities achieved by volumetric dilution.

(previously presented) The canister of claim 48 wherein the volumetric dilution is

accomplished by the addition of a non-adsorbing filler as a co-ingredient by an addition

process selected from the group consisting of addition with the activated carbon raw

material prior to activation, addition with the adsorbent before forming into a shaped

particle or monolith, and a combination thereof.

(previously presented) The canister of claim 48 wherein the volumetric dilution is

accomplished by forming the adsorbent material into high voidage shapes selected from

thegroup consisting of stars, hollow cylinders, asterisks, spirals, cylinders, and

configured ribbons.

(previously presented) The canister of claim 49 wherein the volumetric dilution'is

accomplished by an adsorbent formed into a honeycomb or monolith shape.

(previously presented) The canister of claim 48 wherein the volumetric dilution is

accomplished by the inclusion of inertspacer particles, trapped air spaces, foams, and

screens external to the adsorbent.

(previously presented) The canister of claim 49 wherein the non-adsorbing filler is a solid

after processing.

(previously presented) The canister of claim 49 wherein the non-adsorbing filler is

volatized or combusted to form voidages larger than 50A width within the shaped particle

or monolith.
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REMARKS/ARGUMENTS

Claims 1-54 remain in this application. Claims 1-54 have been allowed. The Examiner

noted, however, the need for correction of an informal matter (a typo in claim 43) toplace the

claims in proper condition for allowance, prior to issuance of the formal Notice of Allowance.

Thus, such correction has been made in the attached Listing of Claims.

Upon review of the newly presented claims of the instant reissue application, it was noted

that the term “fluid stream” in independent claims 31 and 43 had no antecedent basis. Moreover,

it was appreciated that the proper term describing the claimed subject matter was, in both

instances, “air flow.” In independent claim 31, written in Jepson claim format, the claim

preamble includes the phrase “wherein the canister is defined by a fuel vapor flow path via the

canister vapor inlet through the initialvolume of vapor adsorbent within a first region of the

canister toward the vent/air opening, and an air flow path through a subsequent volume of

adsorbent within a second region of the canister at the vent/air opening and the first region at the

purge outlet.” In the subsequent description of the claimed invention improvement, the term “air

flow” properly describes that part of the defined canister including the.“subsequent volume of

adsorbent.” In independent claim 43, the same error occurred in the improperuse of the term

“fluid stream.” In both instances, amendment of the claims corrects the error,

Applicant respectfully requests that a timely formal Notice of Allowance be issued in this

case.

This explanation of the needed corrective action was discussed by the undersigned

attorney with the Examiner by telephone on March 30, 2004. If the Examiner believes, for any

reason, that further personal communication will expedite the prosecution of this application, the

Examiner is invited to telephone the undersigned at the number provided.

In the Official Action Summary, to which this amendment is responsive, the Examiner

noted the additional requirement for the reissue claims to be in condition for allowance is the

submission of the original US. Patent No. 6,540,815. Therefore, please find enclosed herewith

the ribbon copy of said US. Patent and the Certificate of Correction, dated August 26, 2003,

issued therefore.
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No additional fees are believed to be due in Connection with the filing of this amendment

and response, Should it be determined that additional fees are due and payable, the ‘

Commissioner is authorized to charge any required fees or credit any overpayment to the

assignee’s Deposit Account No; 23-1 160;

Respectfully submitted,

MEADWESTVACO CORPORATION

 
Attorney for the Applicant

Registration No. 28,444
Attachment

Date: March 31, 2004

5255 Virginia Avenue
Post Office Box 118005

Charleston, SC 29423-8005

Telephone (843) 740-231 1
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 D ST 8 PA & TRADE OFFICE

‘9 Appl. No. : I 10/690,298 Confirmation No.: 290 1
Applicants : L. H. Hiltzik, J. Z Jagiello, E. D. Tolles, and R. S. Williams
Filed : October 21.2003
TC/A.U. : 1724

Examiner : Frank M. Lawrence Jr.

Docket No. : CHR 2001-79 (reissue)
Customer N0. : 36876

For : Method For Reducing Emissions From Evaporative Emission Control
Systems

Honorable Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

SURRENDER OF ORIGINAL LETTERS PATENT,

Dear Sir:

Applicant hereby surrenders attached US. Patent No. 6,540,815 Bl, in accordance with

35 [1.8.0. 251 and 37 CPR. 1.178.

Also attached is an original Certificate ofCorrection that issued for US. Patent No.

6,540,815 BI on August, 26. 2003.

Applicant tespectfitlly rcqneSts that attention he made to the corrections set forth in the

Certificate of Correction upon issuance offltc reissue application.

Respectfully submitted

NIBADWESTVACO CORPORATION

 
Attorney for Applicant

Registration No. 28,444 -

Attachments: Original U.S. Letters Patent No. 6,540,815 B1.

Original Certificate ofCorrection.

Dds April 2, 2004

5255 Virginia Avenue
Post Office Box 1 18005

Charleston, SC 29423-8005

Telephone (843) 740-2311
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 6,540,815 B1 Page 1 of l
DATED : April 1, 2003

INVENTOR(S) : Laurence H. Hiltzik et 211.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Title page,

Item [56], References Cited, U.S. PATENT DOCUMENTS, insert:
-- 5,957,114 9/1999 Johnson et 3.1.

6,078,601 8/2000 Reddy --.

Drawings,

Sheet 1, beneath Figure I delete “Prior Art.”

Column 8,

Table, Footnote 1, delete “Test” and insert therefor -- Tests --.

Signed and Sealed this

Twenty-sixth Day ofAugust, 2003

JAMES E. ROGAN

Director ofthe United States Patent and Trademark (Mice
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark OIfice
Address: COMMISSIONER FOR PATENTS

PO. Box 1450 
Alexandria. Virginia 223l3~l450
www.u5plo.gov

lO/690,298 [0/21/2003 Laurence H. Hiltzik CHR 2001-79 (reissue) 2091

MEADWESTVACO CORPORATION LAWRENCE JR, FRANK M
5255 VIRGINIA AVENUE
m. Box 118005

CHARLESTON, SC 29423-8005 1724

DATE MAILED: 04/13/2004

Please find below and/or attached an Office communication concerning this application or proceeding.
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The amendment filed March 2, 2004 proposes amendments to the claims that do not comply with 37 CFR 1.173(b), which

sets forth the manner of making amendments in reissue applications. A supplemental paper correctly amending the reissue

application is required. Claims added to the patent must follow the number of the highest numbered patent claim (37 CFR l. 173 (e))
and must be underlined in their entirety (37 CFR l.173(d)). _

A shortened statutory period for reply to this letter is set to expire ONE (1) MONTH or THIRTY (30) DAYS, whichever is

longer, from the mailing date of this letter.

MW
Frank M. Lawrence

Primary Examiner
Art Unit: 1724

WM
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Sent By: ‘CTC; 8437468494; May-13-04 9:47AM; REfiEfiIED
' (CENTRAL FAX CENTER

MAY 132004

NEW .Ffléfii
Appl. No. : 10/690,298 Confirmation No.: 2091
Applicants : L. H. Hiltzik, I. Z. Jagiello, E. D. Tolles, and R. S. Williams
Filed : October 21, 2003 '
TC/A.U. : l 724 _
Examiner : Frank M. Lawrence Jr.

Docket No. : CHR 2001-79 (reissue)
Customer N0. : 36876

For: : Method For Reducing Emissions From Evaporativc Emission Control
Systems

Honorable Commissioner for Patents

P. 0. Bax 1450

Alexandria, VA 22313-1450

SUPPLEMENTAL AMENDMENT AND RESPONSE

Dear Sir:

In response to the Office Action mailed April 13, 2004, having a shortened statutory

period for response set to expire on May 13, 2004, reconsideration is respectfully requested in

view of the following amendments and remarks.

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this

paper.

Remarks/Argumoms begin on page 10 of this paper.
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Sent éy: ‘CTC; 8437468494; May-13-04 9:47AM; Page 1 /

Case Docket No. CHR 2001—79 (Reissue)

U. S. Patent No. 6,540,815 (surrendered April 2, 2004)
Examiner: Frank M. Lawrence Jr.

Art Unit: 1724
Confirmation No. 20 1' " 342‘

U. S. Serial No. 10/6902 . , M j
RECEEVED

CENTRAL. FAX CENTER
Certificate of Transmission under 37 CFR 1.8

MAY 1 g 2004

I hereby certify that this correspondence is being facsimile transmitted to the United
States Patent and Trademark Office

On May 13I 2004 .
Date

7W
Susan Q. Ham'son

Typed or printed name. ofpeman signing Certificate

Note: Each paper must have its own certificate of transmissitm; or this certificate must identify each
submitted paper. '

Supplemental Amendment and Response to Office Communication dated April ‘13, 2004
regarding US Serial No. 101690.298
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Sent By: ‘CTC; ’ 8437468494; May-13-04 9:47AM;

App]. No. 10/690,298 Case Docket N CHR 2001-79 -.
Amdt. Dated May 13, 2004 °- (rm-sue)
Reply to Office actiou ofApril 13, 2004

Amendments to the gaimst

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing 91 gglaims:

We claim:

1. (original): A method for reducing fuel vapor emissions in automotive evaporative

emissions control systems comprising the steps ofcontacting the fuel vapor with an

initial adsorbent volume having incremental adsorption capacity at 25°C ofgreater than

35 g n-butanc/L between vapor concentrations of 5 vol% and 50 vol% n-butane and at

least one subsequent adsorbent volume having an incremental adsorption capacity of less

than 35 g n—butane/L between vapor concentrations of 5 vol% and 50 vol% n—butane.

(original): The method ofclaim 1 comprising a single subsequent adsorbent volume.

(original): The method ofclaim 1 comprising multiple subsequent adsorbent volumes.

(original): The method ofclaim 2 wherein the initial adsorbent volume and the

subsequent adsorbent volume are located within a single autOmotive evaporative

emission control canister. V

(original): The method of claim 3 wherein the initial adsorbent volume and the

subsequent adsorbent volumes are located within a single automotive evaporative

emission control canister.

(original): Ihe method ofclaim 2 wherein the initial adsorbent volume and the

subsequent adsorbent volume are located in separate canisters that are connected to

permit sequential contact by the fuel vapor.

(original): The method ofclaim 3 wherein the initial adsorbent volume and at least one

subsequent adsorbent volume are located in separate canisters that are connected to

permit sequential contact by the fuel vapor.

(original): The method ofclaim 1 wherein the initial adsorbent volume and the

subsequent adsorbent volume are activated carbon derived from materials selected from

Page 2 of 2
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Sent By: 'crc; 8437468494; May-13-04 9:47AM;

Appl. No. 10/690,298 Case Docket N CHR 2001-79 '
Amdt. Dated May 13, 2004 0- (reissue)
Reply to Office action ofApril 13, 200:1

the group consisting of wood, peat, coal, coconut, lignite, petroleum pitch, petroleum
coke, coal tar pitch, fiuit pits, nut shells, saWdust, wood flour, synthetic polymer, and

natural polymer having been activated by a process selected from the group consisting of

chemical, thermal, and combined chemical/means] activation methods.

(original): The method of claim 1 wherein the initial adsorbent volume and the

subsequent adsorbent volume are inorganic materials selected from the group Consisting

ofzeolites, porous silica, porous alumina, pil‘lared clays, and molecular sieves.
(original): The method ofclaim 1 wherein the initial adsorbent volume and the

subsequent adsorbs-t volume are porous polymers.

(original): The method of claim 1 wherein the subsequent adsorbent volume exhibits

adsorption capacities achieved by volumetric dilution.

(original): The method of claim ll wherein the Volumetric dilution is accomplished by

the addition of a non-adsorbing tiller as a co-ingredient by an addition process selected

from the group consisting of addition with the activated carbon raw material prior to

activation, addition with the adsorbent before forming into a- shaped particle or monolith,
and a combination thereof.

(original): The method of claim 1 1 wherein the volumetric dilution is accomplished by

forming the adsorbent into high voidage shapes selected from the group consisting of

stars, hollow cylinders, asterisks, spirals, cylinders, and configured ribbons.

(original): The method ofclaim 11 wherein the volumetric dilution is accomplished by

forming the adsorbent into a honeycomb or monolith shape.

(original): The method ofclaim 11 wherein the Volumetric dilution is accomplished by

the use of inert spacer particle's, trapped air spaces, foams, fibers, and screens external to

the adsorbent.

(original): The method ofclaim 12 wherein the non-adsorbing filler is a solid alter

processing.

(original): The method ofclaim 12 wherein the non-adsorbing filler is volatizcd or

combusted to form voidages larger than 50A width within the shaped particle or
monolith.
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Sent By: CTC; 8437468494; May—13-04 9:48AM;

Appl. No. 10/690,298 Case Docket No. CHR 2001-79 (reissue)
Amdt. Dated May 13, 2004

Reply to Office action ofApril 13, 2004

18.
(original): In a method of reducing fuel vapor emissions in an automotive evaporative

emissions control system comprising removing at least one volatile organic compound

from a volatile organic compound-containing fuel vapor by routing the fuel vapor

through a vapor adsorbent, the itnprovement comprising sequentially routing the fuel

vapor through an initial adsorbent material-containing volume wherein the initial

adsorbent material is characterized by an incremental adsorption capacity at 25°C of

greater than 35 g n-butane/L between vapor concentrations of 5 vol% and 50 vol% n-

butane before routing the fluid stream through at least one subsequent adsorbent-

containing volume prior to venting to the atmosphere wherein the Subsequent adsorbent-

containing volume is characterized by an incremental adsorption capacity at 25°C of less

than 35 g n-butane/L between vapor concentrations of 5 vol% and 50 vol% n-butane.

(original): The method ofclaim, 18 wherein the initial adsorbent volume and the

subsequent adsorbent volume are located in a single automotive evaporative emissions
canister.

(original): The method of claim 18 wherein the initial adsorbent volume and the

subsequent adsorbent volume are located in separate canisters that are connected to

permit sequential contact by the fuel vapor.

(original): The method ofclaim 18 wherein the initial adsorbent volume and the

subsequent adsorbent volume are activated carbon derived from materials selected from

the group consisting of woad,~ peat, coal, coconut, lignite, petroleum pitch, petroleum

coke, coal tar pitch, fruit pits, nut shells, sawdust, wood flour, synthetic polymer, and
natural polymer and activated: by chemical and/or thermal activation methods.

(original): The method of claim 18 wherein the initial adsorbent volume and the

subsequent adsorbent volume-are inorganic materials selected from the group consisting
ofzeolites, porous silica, and molecular sieves.

(original): The method ofclaim 13 wherein the initial adsorbent volume and the

subsequent adsorbent volume are porous polymers.

(original): The method ofclaifm 18 wherein the subsequent adsorbent volume exhibits

adsorption capacities achieved by volumetric dilution.

Page 4 of4
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Sent By: ’CTC; 8437468494; May-13-04 9:48AM; Page 8

App]. No. 10/690,298 Case Docket No. CHR 2001-79 (reissue)
Amdt. Dated May 13, 2004

Reply to Office action ofApril 13, 2004

i 25. (original): The method ofclaim 24 wherein the volumetric dilution is accomplished by
the addition of a non~adsorbing filler as a co-ingredient by an addition process selected

from the group Consisting ofaddition with the activated carbon raw material prior to

activation, addition with the adsorbent before forming into a shaped particle or monolith,
and a combination thereof.

26. (original): The method ofclaim 24 wherein the volumetric dilution is accomplished by

forming the adsorbent into high voidage shapes selected from the group consisting of

stats, hollow cylinders, asterisks, spirals, cylinders, and configured ribbons.

27. (original): The method ofclaim 24 wherein the volumetric dilution is accomplished by

forming the adsorbent into a honeycomb or monolith shape.

28. (original): The method ofclaim 24 wherein the volumetric dilution is accomplished by

the use ofinert spacer particle‘s, trapped air spaces, foams, fibers, and screens external to

the adsorbent. .

29. (original): The method of claim 25 wherein the non-adsorbing filler is a solid after

processing.

30. (original): The method ofclaim 25 wherein the non—adsorbing filler is volatized or

combusted to form voidages larger than 50A width within the shaped particle or

monolith.

3 l . (new) In an evamrative emissiom control systemfgr a vehicle comprising, in

combination, a fuel tank for storing a volatile fuel, an engine having an air induction

 

vgggr adsorbent material for magma-1g £3;ijg and smtgg'gg fuel Lagor from the tank,

a condgit for conducting mel mo; from the tank to a canister vamr inlet, a the! vapor

gurge conduit ham :1 canister purge outlet to the induct-ion system of the enginc, and a

vent/air coming for venting the catheter. and for admission of air to the canister during

operation of the engine induction system, whgrg'n” the canister is defined, by a fliel vapor

flow ath via the cani 'r inlet . v ‘- the-initial volur’ne ofvs I adsorbent within

a first region ofthe canister toil/and the vent/air opening, giggl- an air flow path through a

subsmuent volume of adsorbent within a secondgegjgn 01‘th cgnister at the vengeir
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an durin ration f lit'einductions 't amien ' ow ina sthtoan

' - ". w ath in h canister throu the initi

' volume and the gurge outlet to the induction 3%m ofthe mgjne, the flow ofair

moving a portion ofthe adsorbed fuel vapog bill leaving a regdue of fuel in the initial
volume

the improvement wherein at least one §u§§egggut volume of vap_qr adsorbent
rises a .1_ me of 1° 100% of the fi oium and is ocat

 

 ei .erinside ft ec ' . ' ' id foroutsideofthe

canister, and wherein the initial volume ofvm;m;mateg'al is

characterized by an im-entail mgmtigncapacity at 25°C of greater than 35 g

n-butane/L-bed between vgmr‘eoncentrgtions of 5 vol‘Zq and Q0 vol‘Zo n-bgtane
before routin the air w throu at least one sub uent volume of v or

adsorbent material whizrem' the sgbyuerit volume ofvgggr agsor’oggt materifl is ,
chmgterized bx y me[9-mm! adsomg‘oi'i capacity at 25°C of less than 35 g n-
bgtane between vamr ooncentrations of Evol‘ZQ and 59 vol‘zo n-butane.

32. (new) Th 9 em ofclaim 31:w er in _ s eond volu ofv reds-or tmaterial is

  

I ate ou- ide the canister inas arate sub uent- ' ter.

 or adsorbent material and 33. (new) Thea tem ofclaim 311w rein the imti 'fv hum: of

the sub uent vol sorbent material are activat arbon derived fi‘om

materi 5 select the o consistin _ o coconu 1i
te

getroleum Qitch. EtmIeum coke, coal tar gitch, trait mg,ml} shellg, sawdust, wggg flour,

smut;tic Elmer, ang 11mg 991mm having heen activated by a process selected from
the o consistin of chemi a] thermal an o in 'cal/th rmal tivation

 34. stem ofclaim 31 iwh ' ' ' ‘ .. . : ‘ ra orhent material and
the subseguent volume of vaggr adsorbent matgjgl m inorganic materials 54th gem

Page 6 of6
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Sent By: ‘CTC; 8437468494; May-13-04 9:49AM; Page 8/12

. Appl. No. 10/690,298

Amdti Dated May 13, 2004 -
Reply to Office action ofApril 13, 2004

. Case Docket No. CHR 2001-79 (reissue)

the 11 co istin ofzeolites o s' ‘ I " mus alumi illared cla and
molecular sich.

35. (new) The tom ofclaim 31 w erc' 
the subsguent volume ofmm1' adsorhgqt mtgg',"a! are mrgug mlfigers.

36. (new) The system ofclaim Bi whm‘n the subsgusul volume ofvggor ggéorbcnt

matggjal exhibits adsomtjon 9gpaoities achieved by volmgtric dilution.
37. . - _. .‘ : . . .. . .

 
addition with the adsorbent ygfou: fomjng into a sham. M'cic or monolith, Ed a
combination maggof. -

38. (new) The afitem ofclaim 36 wherein the volgetn‘g Q'lgfion is accgmgll'ghgg by

* formin t 3 ad me t tori ' i to m voida e sha . selected from th

consig‘gg ofstars, hollow cxflndcrs, asterisk; gg''igfls. cylinders, and configggd ribbons. ’

39. (new) The sx§t§m of01m Qfi gyhgggig mg voIann‘ig dilution is accomglished by

formin the ads rbcnt intoa e mb or mun-17th h e.

40. (new) cm of01 'm 6 w stein the volumetric dilution is accom lished b the use

of inert segger particles, 12me air spaces, foam, and soggy; external to the adsorbent.

41. (new) The §xstem ofclaim 31 whgggin the non—ggsorbing filler is a solid after amassing.

42. (new) The Isystem ordain; 57 wherein the non-gfiso139ng filleris volntizgg or combusted

 

s = ed article or monolith

43. (new) A canister gyerativg for use maummjgggxgtcmg for egssion ggntro] dgfinggbx

acanjster vmr iglet to wit a fuel vgggr flow pgth through an initial vglmg 01 mt
orbent within afirst re i0 0 the canist acanistcrv t/air enin to ermit

 

 

region of the canigler a; the vent/air gaming any; the fist geg'gn gt a canister gurgc outlet,
such

 
of an engg'e indugtion sxgtcmi ambient air is ggrged to flgw in a Qath to ang throggh the.

Page 7 of 7
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Sent By: ‘CTC; 8437468494; . May-13-04 9:49AM; Page 9/12

Appl. No 10/690,298 'C DocketN — i '
mm- Dated May 13 2004 i use 0. CHR 200] 79 (reissue)
Reply to Office action ofApnl 13, 200.4

vent/air opening and along the air flow ELKm the canister thmugh the initial volume and
the gurge outlet to the induggg’n sygtem of the eng'me. wggein the flow of air removing a

gogign ofthe adsorbed fuel valor but legging a residue 01 file} in the initial volume, and

wherein at legst Que gubgegugntvolumc ofvgori adsorbent mm'al comgrises a volume

of 19 t 100% of the initial Vol 1 ' , f e'th r inside of the canister within the

second region thereof or outside ofthe cggisterl' end wherein the initial volume ofvagor

adsorben . erial is cha te'rized ladso ti nca aci

greater than 35 g n-butgeflgb531 between vagor concentrations of 5 vol‘fi and 50 vol‘Z; n-

butane before routing the g; fig-w @3qu at least -me 5gbggggent volume ofvapor
bent material wherein the subs .uent volunte ofva r" rb t mate '3! i

characterized by an 139mmlgfigmtioncegeeity at 25°Cof less than 35 g n-butane

between vggor concentrations ofS vol‘Vg and 5099ng n-m‘e.

44. (new) he canister of claim 4 wher ' econ'd volume ofva or adsorbent material is

located outside the canister in a swarm: subsgggent cgnifier.

45. (new) The canister of claim 43‘ wherein go initial volume ofvgpgr adsorbent material

and the subsgguent volume ofvyor adsorbent mletgg‘al gr; activated carbon derived. Lem i

eat coal coconu 1i

pegpleum pitch, petroleum coke, cog! tar pitch, fig,it Qits, nut shells, sawdust: wood flourI
5

  

     

  

 

thetic l or and atura 01 erha 'n b 'vated'b a cessselectedfr m—

the ns'st' of c it: theme] and combined chemical/thermal activation

methods.

46. (new) The canister ofclaim 43 wherein the jgitigl volwe of-vamr adsorbent material

and the subsequent volume ofvapor adsorbent meterig are inorganic materials selected

from the gang consisting ofZeolites, minus silig‘g, minus alum pillarg 521m, and

molecular sicvg.

47. (new) The canister ofclaim 43 wherein the'minifl volumg ofvgpor adsorbent material
and the sub no t volume 0v r are mus 01ers.

48. (new) e canister ofcl 4 wh rein the-subs .' ant volume 01’ va or adsorbent
material exhibits ' . I 1 ‘ ‘ ’ v 'c di ti n.
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Sent By: 'CTC; 8437468494; May-13-04 9:50AM; Page 10/12

Appl- No. 10/690,298 ‘ Case Docket N . CHR 2001-79 '
Amdt. Dated May 13, 2004 ' ° (rcmsne)
Reply to Office tactic»: of April 13, 2004

49. (new) The canister of [aim 4

addition ofa non-adsorbng filler as a co-m'gmby; by E ngtion procg $1th from
th consistin of

 

 

50. 
consistgz'g of sgars, hollow cxlinders, asterisks, 5pirgls, cxljgders, gnd configmed ribbons.

51 . (new) Th

adsorbent formed into a hone-3239mg 0; gogglim-ghgng.

52. (new) The cani ' - - ' _ i ‘ ' ' ' ' '

adsorbggt. ~ -

(new) The canister of claim 4‘ wherein the no ~ .,

 

 

53.

  54.
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Sent By: "CTC; 8437468494; , May-13-04 9:50AM; Page 11/12

App]. No. 10/690,298 ' Case Docket No. CHR 2001—79 ‘
Amdt. Dated May 13, 2004 . 7 (rmssue)
Reply to Office action ofApril 13, 2004

REMAB__K_S[A3GUli’IENTs

Claims 1-54 remain in this application. Claims 11-54 have been allowed in an Office

communication mailed March 19, 2004, wherein the Examiner noted, however, the need for

correction ofan informal matter (a tYpo in claim 43) to place-the claims in proper condition for

allowance prior to issuance of the formal Notice ofAlloWance. Such correction was made in a

respouse filed April 2, 2004.

In an Office Communication mailed April 13, 2004, to which this Supplemental

amendment is responsive, and wherein the Examiner noted

The amendment filed March 2-['?], 2004 proposes amendments to the
claims that do not comply with 37 CFR 1.173(b), which sets forth the manner of

making amendments in reissue applications. A'aupplemcntal paper correctly
amending the reissue application is required. Claimsad’ded to the patent must
follow the number of the highest numbered patent claim (37 CFR I.l73(e)) and
must be underlined in their entirety (37 CFR 1.73(d)).

Review of the reissue application, filed October '21, 2003, shows it to have been filed

according to 37 CFR 1.17301), with amendments made in accordance with 37 CFR 1.173(b)

wherein the amendments (:23. , newly added claims) were physically incorporated into the

specification with markings pursuant to 37 CFR l ,l 73(d), which requires matter to be omitted to

be enclosed in brackets and matter to be added by reissue to be underlined. The reissue

' application, as filed, included no matter to be omitted and included newly added claims were all 7

underlined. Moreover, the numbering ofpatent chins was preserved in the reissue application,

as filed, according to 37 CFR 1.173(e). ”therefore, the besis of the Examiner's concern raised in

the Oflice communication to which this is responsiVe is not understood. The amendment filed

on April 2, 2004, was not a “separate amendment paper” under 37 CFR 1.173(b). The List of

Claims therein noted the status ofeach claim (“original," “currently amended,” “previously

presen ,” etc). It is not the understanding of the undersigned attorney for the applicants that

underlining of the entire claim is appmpriate in a paper amending claims already introduced in

the filed application withW.

Page 100f10 .:
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Sentayrcm; 8437463494; Wiley-lap; 9:50AM; IPavge12/1'2

’ App]. No 10/690,298 Case Docket No. CHR 2001-79 (reissue)

Amdt. Dated May 13, 2004

Reply to Office action ofApril 13, 2004

In the event, however, the undersigned attorney is in error, the claims added by the

reissue application filing on October 21, 2003 are submitthd herein (as subsequently amended) as

apPrOPfiately numbered and underlined, as requested by: the Examiner.

Assmning that the claims hm been properly presented in this application (and the
original parmt application having been earlier admitted), it is reepectfixlly requested that a

timely formal Notice ofAllowance be imued-m this case

This explanation of the needed corrective actionWas discussed by the undersigned

attorney with the Examiner by telephone on May 13, 2004. If the Examiner believes, for any

reason, that finther pmonn! communication will expedite the prosecution of this application, the
Examiner is invited to telephone the? undersigned at the-dumber provided.

. No additional fees are believed'tlo be due in connectim with the filing of this amendment

and respOnse. Should it be determined that additional fees are due and payable, the

Commissioner“is authorized to chmge any required feesor credit any overpayment to the
assignee5 Deposit Account No 23-1 160.

Reapeotfillly submitted,

MEADWESTVACO CORPORATION

Registration No 28,444

Date: May 13, 2004

5255 Virginia Avenue
Post Office Box 118005

Charleston, SC 29423-8005

Telephone (843) 740431 1

.Pegellofll

PAGE 12l12 * RCVD AT $132304 10:33'49 AN[Eistem—Daylight Time]*—SVR'USPTO-EFXRF-1[0* DNIS'8729306‘CSID:34306—8494" DURATION(mm-ss):04-_22—--
237

 



238
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Approved for use through 7/31/2006 OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of1995, no persons are required to respond to a collection of information unless It displa s a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD AW“Ca"°” ”009““ Numb“
Substitute for Form PTO-875
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A

{Jan 04 05 04:29p Terra B. McDaniel 843.740.2335

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE____—________________——-—-—

Appl. No. : 10/690,298 Continuation No.2 2091
Applicants : L. H. Hiltzik, J. Z. Jagiello, E. D. Tolles, and R. S. Williams
Filed : October 21, 2003

TC/A.U. : 1724

Examiner 2 Frank M. Lawrence Jr.

Docket No. : CHR 2001-79 (reissue)

Customer No. ' : , 36876

For: : Method For Reducing Emissions From Evaporative Emission Control
Systems

Honorable Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

SUPPLEMENTAL AMENDNIENT

Dear Sir:

In response to the Examiner’s voicemail of January 3, 2005, infomiing of the remaining
requirement of a Supplemental Reissue Declaration, the attached, filled-in and signed (by the
inventors) PTO Form 83-5 18 is provided herewith.

Applicant respectfully requests that a timely formal Notice of Allowance be issued in this
case. Also, in view of the “specia ” status made of the instant application and of the extended
delay in moving the application in conformance therewith, it is respectfully requested that
attention be given the application’s expedited status through prompt issuance as a patent.

No additional fees are believed to be due in connection with the filing of this amendment

and response. Should it be detennined that additional fees are due and payable, the
Commissioner is authorized to charge any required fees or credit any overpayment to the

assignee’s Deposit Account No. 23-1160.

 

Respectfully submitted,

Attachment MEADWESTVACO CORPORATION

Date: January 4, 2005
3950 Faber Place Drive

Post Office Box 118005 .

Charleston, SC 29423-8005 Attorney for the Applicant

Telephone (843) 740-2311 Registration No. 28,444
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l

.Jan 04 05 04:29p Terra B. McDaniel 843.740.2335

Case Docket No. CHR 2001-79 Reissue
U. S. Application No. 10/690,298

Customer Number 36876

Fax # 1-571-273-1161 (Frank M. Lawrence)

Certificate of Transmission under 37 CFR 1.8

I hereby certify that this correspondence is being facsimile transmitted to the United
States Patent and Trademark Office

On Janugy 4, 2005
Date

a

iéggétgfi/MMQ/1

Susan C. Harrison
Typed or printed name ofperson signing Certificate

Note: Each paper must have its own certificate of transmission, or this certificate must identify each
submitted paper.

Supplemental Amendment (cover sheet)
P’l‘O/SB/SlS (Supplemental Declaration For Reissue Patent Application to Correct “Error" Statement (37
CFR 1.175)

PAGE “3 RCUD Al “412005 4.27 .34 PM [Eastem St ' ‘ - ' -
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office

P.O. Box 1450
Alexandria, VA 22313-1450

www.uspto.gov

 

In re Application of I : FEB 0 3 2005
HILTZIK et al. I .

Serial Number: 10/690,298 I PETITION UNDER

Filed: October 21, 2003 2 M.P.E.P.708.02 V

For: METHOD FOR REDUCING EMISSIONS FROM ‘

EVAPORATICE EMISSIONS CONTROL

SYSTEMS

This is in response to the petition filed October 21, 2003, requesting that the above-identified

application be granted Special Status under Sections 708.02 V of the MPEP and 37 CFR

1.102 (no fee required).

The instant application is a reissue application. As all reissue applications are granted
Special Status (see MPEP 708.01), the petition is considered to be moot.

The petition is DISMISSED.

( :2 CM \
Richard Crispino, Special Programs Examiner

Technology Center 1700

Chemical and Materials Engineering

Meadwestvaco Corrporation

Regional Office Building
PO Box 118005

Charleston, SC 29423-8005
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box I450
Alexandria, Virginia 22313-1450ww.usplo.gov

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

MEADWESTVACO CORPORATION LAWRENCE JR, FRANK M
REGIONAL OFFICE BUILDING
9030x118005

CHARLESTON, SC 29423-8005 [724
DATE MAILED: 03/02/2005

10/690,298 10/21/2003 Laurence H. Hiltzik CHR 2001-79 (REISSUE) 209]
TITLE OF INVENTION: METHOD FOR REDUCING EMISSIONS FROM EVAPORATIVE EMISSIONS CONTROL SYSTEMS

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE

NO $0nonprovisional $1400 $ 1400 06/02/2005

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE 0R UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS

STATUTORY PERIOD CANNOT fl EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR

AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with

your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

111. A11 communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee‘s responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
PO. Box 1450

Alexandria, Virginia 22313-1450
or .Ffl (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiredheBlocks 1 through 5 should be completed where
apfpropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will mailed to the current corres ondence address as
in icated unlgss corrtected below or directed otherwrse in Block 1, by (a) speCIfying a new conespondence address; and/or (b) indicating a separate " EE ADDRESS" formaintenance ee not] ications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change ofaddress)

 

 

Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

papers. Each additional paper, such as an aSSignment or formal drawing, must

 

36876 7590 03/02/2005 ave its own certificate of mailing or transmissmn.

MEADWESTVACO CORPORATION Certificate of Mailing or TransmissionI hereb certi that this Fee 5 Transmittal is bein de sited with the United

REGIONAL OFFICE BUILDING States ostal fS‘Rlarvice with su icient postage for firgt clggs mail in an envelope
PO BOX 118005 addressed to the Mail Stop ISSUE FEE address above, or bein facsimileCHARLESTON SC 29423-8005 transmitted to the USPTO ( 03) 746-4000, on the date indicated be ow.

(Depositoi’s name)

(Signature)

(Date)

10/690,298 10/21/2003 Laurence H. Hiltzik CHR 2001-79 (REISSUE) 2091

TITLE OF INVENTION: METHOD FOR REDUCING EMISSIONS FROM EVAPORATIVE EMISSIONS CONTROL SYSTEMS

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE

NO $0nonprovisional $1400 $1400 06/02/2005

LAWRENCE JR, FRANK M 1724 095-146000

   

 
 

 
 

 

  

2. For printing on the patent front page, listCFR l

D Chan e of corres ndence address (or Change of Correspondence
Address orm PTO/ 13/122) attached.

0 "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

1. Chanfégf correspondence address or indication of "Fee Address" (37
(1) the names of up to 3 registered patent attomeys l
or agents OR, alternatively,

(2) the name of a single firm (having as a member a 2
registered attorney or agent) and the names of up to
2 re istered patent attorneys or agents. If no name is 3
liste , no name will be printed. .  

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assilgnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed forrecordation as set forth in 37 CF 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):

D Issue Fee D A check in the amount of the fee(s) is enclosed.

D Publication Fee (No small entity discount permitted) D Payment by credit card. Form PTO-2038 is attached.

D Advance Order - # of Copies D The Director is hereby authorized by charge the required fee(s), or credit any ove ayment, to
Depos1t Account Number (enclose an extra copy of this fomrig.

5. Change in Entity Status (from status indicated above)

D a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. D b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

The Director of the USPTO is requested to a ply the Issue Fee and Publication Fee (if any) or to re-aplply any previously paid issue fee to the application identified above.NOTE: The Issue Fee and Publication Fee (i required) will not be accepted from anyone other than t e applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.31 l. The information is reqpired to obtain or retain a benefit b2 the public which is to file (and by the USPTO to process)an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. T is collection is estimated to take 1 minutes to complete, including gathering, preparing, and

submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to com lete
this form and/or suggestions for reducing this burden, should be sent tot e C ief In ormation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, .0
Box 1450, Alexan a, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. Box 1450,Alexandria, Virginia 2231 -1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

PTOL-SS (Rev. 12/04) Approved for use through 04/30/2007. 0MB 0&44033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Determination of Patent Term Extension or Adjustment under 35 U.S.C. 154 (b)

A reissue patent is for "the unexpired part of the term of the original patent." See 35 U.S.C. 251. Accordingly, the
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Patent Legal Administration at (571) 272-7702. Questions relating to issue and publication fee payments should be

directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.
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Application No. Applicant(s) 7

10/690,298 HlLTZlK ET AL.
Examiner Art Unit

Frank M. Lawrence 1724

- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL—85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

Notice ofAllowability 

  
 

  
  1. X This communication is responsive to the amendment filed May 13, 2004.  

  
 

2. IX The allowed claim(s) is/are fl.

 
 

3. [Z The drawings filed on 21 October 2003 are accepted by the Examiner.

4. [:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or (f).

a) [:1 All b)l:| Some" c) 1:] None ofthe:

1. I] Certified copies of the priority documents have been received.

2. E] Certified copies of the priority documents have been received in Application No.

3. [1 Copies of the certified copies of the priority documents have been received in this national stage application from the

’ International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

 

  
  
  

  
 Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

 5. E] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

 

  6. D CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

(a) [3 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) I] hereto or 2) E] to Paper No./Mai| Date .

(b) [I including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. D DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

 
  

  
  
  
  

 
 
 

 Attachment(s)

  
  

  

1. El Notice of References Cited (PTO-892) 5. I] Notice of Informal Patent Application (PTO-152)

2. E] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. IX Interview Summary (PTO-413),
Paper No.lMai| Date .

3. E] Information Disclosure Statements (PTO-1449 or PTO/SB/OB), 7. E Examiner's Amendment/Comment
Paper No./Mai| Date

4. I] Examiner's Comment Regarding Requirement for Deposit 8. E Examiner's Statement of Reasons for Allowance
 

  

  of Biological Material 9. E] Other .

  

  
Frank M. Lawrence

Primary Examiner
Art Unit: 1724  
  US. Patent and Trademark Office

PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mai| Date 0404
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Application/Control Number: 10/690,298 Page 2

Art Unit: 1724

EXAMINER’S AMENDMENT

1. An examiner’s amendment to the record appears below. Should the changes and/or

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the

payment of the issue fee.

Authorization for this examiner’s amendment was given in a telephone interview with

Mr. Daniel Reece on March 8, 2004.

The application has been amended as follows:

In the Specification:

In footnote 1 of the Table in column 8, “Test” has been changed to --—Tests---.

2. The following is an examiner’s statement of reasons for allowance: The informalities

detailed in the Quayle action have been corrected and the claims are allowable for reasons given

in that office action.

Any comments considered necessary by applicant must be submitted no later than the

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue

fee. Such submissions should be clearly labeled “Comments on Statement ofReasons for

Allowance.”

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Frank M. Lawrence whose telephone number is 571-272-1161.

The examiner can normally be reached on Mon-Thurs 7:30-6:00.

247
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Application/Control Number: 10/690,298 Page 3

Art Unit: 1724

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Blaine Copenheaver can be reached on 571-272-1156. The fax phone number for the

organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval G’AJR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

Frank M. Lawrence

Primary Examiner
Art Unit 1724

H M
5’20’04
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Application No. Applicant(s)

, _ , , 10/690,298 HlLTZIK ET AL.
Examiner-Initiated Intervrew Summary . _Examiner Art Unrt

Frank M. Lawrence 1724

All Participants: Status of Application: allowed

(1) Frank M. Lawrence. (3) .

(2) Daniel Reece. (4) .

Date of Interview: 8Agn'l 2004 Time: 10 am at.

Type of Interview:

Telephonic
E] Video Conference

E] Personal (Copy given to: E] Applicant E] Applicant’s representative)

Exhibit Shown or Demonstrated: [I Yes IX] No

If Yes, provide a brief description:

Part I.

Rejection(s) discussed:
none

Claims discussed:
none

Prior art documents discussed:
none

Part II.

SUBSTANCE OF INTERVIEW DESCRIBING THE GENERAL NATURE OF WHAT WAS DISCUSSED:

An examiner's amendment to the specification in order to correct a typographical error was discussed and agreed upon.

Part III.

[E It is not necessary for applicant to provide a separate record of the substance of the interview, since the interview

directly resulted in the allowance of the application. The examiner will provide a written summary of the substance
of the interview in the Notice of Allowability.

E] It is not necessary for applicant to provide a separate record of the substance of the interview, since the interview
did not result in resolution of all issues. A brief summary by the examiner appears in Part II above.

(Examiner/SPE Signature) (Applicant/Applicant's Representative Signature — if appropriate)

 
US Patent and Trademark Office

PTOL-41SB (04-03) Examiner Initiated Interview Summary Paper No. 0404
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Original Patent Number of Patent To Be Reissued is 6,540,815

Application No. Applicant(s)

10/690,298 Hiltzik et al

Notice of Reissue Published in 06 on 1/6/04

The Maintenance fee status is:

 

  
  

  D up to date.
E not required.  
 

  

 

This reissue patent is subject to A Terminal Disclaimer that:

I] was filed during the prosecution of the reissue application.
I] was of record prior to the filing of the reissue application.  
 

 
 

Physical surrender of the letters patent

 
 

IZ was made.

El was not made, but a statement of loss/inaccessibility was provided.
I] is not required

   
 

  

12-1“Zij’FihéJéPRE, Reviewfiiz?

CST—
(INITIALS)  

 1%0S
(DATE)

  
US. Patent and Trademark Office
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Marlfila 05 09:54a Terra B. McDaniel 843.740.2335 p.l\

-1 PART B - FEE(S) TRANSMITTAL /

Complete and send this form, together with applicable fee(s), to: M Mail Stop ISSUE FEE /Commissioner for Patents
P.0. Box 1450

Alexandria, Virginia 22313-1450
or m (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiredteBlocks I through 5 should be completed where
priate. All further correspondence including the Patent, advance orders and notification of maintenance fees will mailed to the current correspondence address as

ii

iii) jeated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; anther (b) indicating a separate " BE ADDRESS" formaintenance fee notifications.

ummrcomsrommca ADDRESS (""1“ "5" 5”" ' '“ ”Wm“ “mm” Note: A certificate of mailin can only be used for domestic mailings of the
Pee(s) Transmittal._ This certi icate cannot be used for any other accompanying

pipers. Each additional paper, such as an assrgnment or formal drawing, mustve

 

36876 7590 03/02/2005 its own certificate of mailing or transmission.

MEADWESI V ACO CORPORATIO Certificate of Malling or Transmission
. I here certi that this F s Transmittal is bein depos‘ted w'tli the United

REGIONAL OFFICE BUILDING Slates ostal ervice with icient postage for firgt class 1mail III an envelope
PO BOX118005 addressed to the Mail Sto ISSUE FEE address above.L or bein facsimrletransmitted tothe USPTO ( 03) 746-4000, on the date indicated he ow.

Susan C . Harr1 son WWW. me)

  

  3 CHARLESTON, SC 29423-8005
03/09/2005 HGEBREHE 00000006 231160 10690296
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APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION N0.

10/690,298 l0f2 ”2003 Laurence H. Hiltzik CHR 2001-79 (REISSUE) 209]
TITLE OF INVENTION: METHOD FOR REDUCING EMISSIONS FROM EVAPORATIVE EMISSIONS CONTROL SYSTEMS
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NO 30nonprovisional 3 I 400 31400 06/02/2005
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  I. Chan ofeormpondcncc address or indication of "Fee Address" (37 2. For printing on the patent front page, list .

CPR 1' 63)’ (I) the names of up to 3 registered patent attorneys L—L—MB ‘ MCDanle‘l
D Chimp: ofeorregwndenee address (or Change ofCorrespondence or agents OR. alternatively, D , 1 B R e IV
ms 0"“ PTO] 31122) attached. (2) the name of a single firm (having as a member a 2___—an1e' eec

registered attorney or agent) and the names ofup to
2 re slered patent attorneys or agents. If no name is 3
listeg, no name will be printed.

0 "Fee Address" indication (or ”Foe Address“ Indication form
NOISE/47; Rev 03-02 or more recent) atmched. Use of a Customer
Number I; required.

 
   

3. ASSIGNEE NAME AND Rasmmca DATA T0 as PRINTED on THE PATENT (print or type)

PLEASE NOTE: Unless an moi ee is identified below, no assignee data will appear on the patent. If an assignee is identified below. the document has been filed for
recordation as set forth in 37 3.1 l . Completion of this form is NOT a substitute for filing an assignment. '

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

MeadWestvaco Corporation Stamford, Connecticut USA

Please check the appropriate assignec category or categories (will not be primed on the patent) : D Individual 0% Corporation or other private group entity 0 Government
43. The following fee(s) are enclosed: 4b. Payment of Fce(s): $3.430 .,00 by Depg Silt EccounE

[3 Issue Fee 0 A check in the amount ofthe fee(s) is enclosed.

D Publication Fee (No small entity discount permitted) _ D Payment by credit card. Form PTO-2038 is attached.
l3 Advance Order - # ofCopiesMS a The Director is hereby authorized by charge the required fee(s), or credit any ov aymem. to

Deposit Account Number_2_3=_1_l69__ (enclose an extra copy ofthis form .

5. Change in Entity Status (from status indicated above)
Cl a. Applicant claims SMALL ENTITY status. See 37 cm [.27. Cl b. Applicant is no longer claiming SMALL 5mm mm See 37 CFR l.27(g)(2).

The Director ofthe USPTO is requested to? ply the Issue Fee and Publication Fee (ifany) or to tea ply any previously paid issue fee to the application identified above.NOTE: The Issue Fee and Publication Fee i re lied will not be aee ted fi-om an ac other than t a Imam: a re stered attorn era cm; or the assigncc or other a in
interest as shown by the records of the United Sl‘iiutes Filtent and Traderncgik Office. yo PP gt fly 3 p fly
 

 

 

Authorized Signature

Typed or printed mm; Terry B . McDéniel Regimfion NO. 28 , 444

This collection of information is required it 37 CFR 1.31 l. The infomiation is uired to obtain or retain a benefit bythe public which is to file (and by the USPTO to process)
an application. Confidentiality is governed y 35 U.S.C. I22 and 37 CFR I.l4. 's collection is estimated to take 1 minutes to complete, including gathennghprepanng. ansubnutting the completed applies on form to the USI’TO. Time will do ‘ din upon the indivrdual case. Any comments on the amount of time you lure to corn lete
this form and/or suggestions for reducing this burden, should be sent to e Cfigf In urination Ofl‘ieer, US. Patent and Trademark Office, US. Department 0 Commerce, ,0.
2px I450. A‘l/exan _ 593/; ipigf3I3-I4SO. DO NOT SEND FEES 0R COMPLETED FORMS TO THIS ADDRESS. SEND TO: Comriussioner for Patents. PO. Box 1450,exandm, ugima - .
Under the Paperwork Reduction Act of I995, nn persons are required to respond to a collection of information unless it displays a valid OMB control number. 
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