Express Mail No. EU 592640451US

PTO/SB/50 (06-03)
Approved for use through 01/31/2004. OMB 0651-0033
U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

nder the Paperwork Reduction Act of 1995, no persons are reguired to respond to a collection of information unless it displavs & valid OMB control number.
r—-ﬂ—m—-e‘-’—-j—y-&———-—ﬁ—————g——&————-—————— 1

REISSUE PATENT APPLICATION TRANSMITTAL »)

. b O

Add . Attorney Docket No. CHR 2001-79 (reissue) ) cgu)

ress to: - o

First Named Inventor L. H. Hiltzik P b

Mail Stop Reissue Original Patent Number 6,540,815 Ly O

Commissioner for Patents Original Patent Issue Date 59

P.O. Box 1450 (Month/Day/Year) 04/01/03 =~
Alexandria, VA 22313-1450 Express Mail Label No. EU592640451US

APPLICATION FOR REISSUE OF:
{Check appiicable box) Utility Patent

D Design Patent l:] Plant Patent

APPLICATION ELEMENTS (37 CFR 1.173)

ACCOMPANYING APPLICATION PARTS

Fee Transmittal Form (PTO/SB/56)

1. (Submit an original, and a duplicate for fee processing)
2. D Applicant claims small entity status. See 37 CFR 1.27.
3 Specification and Claims in double column copy of patent format
(amended, if appropriate)
4. Drawing(s) (proposed amendments, if appropriate) 3ipages
5. Reissue Oath/Declaration (original or copy) ‘
(37 CFR 1.175) (PTO/SB/51 ar 52)
6. Power of Attorney  (see PTO/SB/52)
7. Original U.S. Patent currently assigned? Yes D No
(If Yes, check applicable box(es))
Written Consent of all Assignees (PT0O/SB/53)
37 CFR 3.73(b) Statement
(PTOISB/96)
8. CD-ROM or CD-R in duplicate, Computer Program (Appendix)

or large table

9. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, all of the following are necessary)

a D Computer Readable Form (CFR)

b. Specification Sequence Listing on:
i CD-ROM (2 copies) or CD-R (2 copies); or
i (] paper

c. D Statements verifying identity of above copies

Statement of status and support for all
10. changes to the claims. See 37 CFR 1.173(c).
1. D Original Patent Grant

D Ribboned Original Patent Grant
D Statement of Loss (PTO/SB/55)
12. [.-_] Foreign Priority Claim (35 U.S.C. 119)

(if applicable)
Information Disclosure Copies of IDS
13. Statement (1DS)/PTO-1449 Citations

English Translation of Reissue Oath/Declaration
(if applicable)

1.

15. D Preliminary Amendment
16,

17. Other: Certificate of Mailing;

Return Receipt Postcard (MPEP 503)
(Should be specifically itemized)

emen i)
Copy of Patent and Cert of Cor

Petition to Make Special & Dec
1,131 Dec.

Tt Chafnigeq

18. CORRESPONDENCE ADDRESS

Customer Number. 36876 OR D Correspondence address below
Name MeadWestvaco Corporation
Address 5255 Virginia Avenue
P. Q. Box 118005
City Charleston | State |sc Zip Code [29423-8005
Country  |United States of America | Telephone [s43-748-8493 Fax  |g43-746.8494

e
Name (PrinvType)

Tefry B. b\@aniel N }

Registration No. (Attomey/Agent) l 28,444

-

Signature

[ Date [10/21/03

This cofiection of information is required by 3% CFR 1.173. The information is required to obtain or retain a benefit by the pubtic 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. This collection is estimated to take 12 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 complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop Relssue, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, cali 1-800-PT0-3199 and select option 2.

BASF-1002
U.S. Patent No. RE38,844

102103

RN



, PTO/SB/56 (08-03)
ExPres s Mail No. EUS592640451US Approved for use through 01/31/2004. OMB 6651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Dacket Number (Optional)
REISSUE APPLICATION FEE TRANSMITTAL FORM CHR 200178 (relssue
Claims as Filed —Part 1
(1) (2) (3) Small Entity Qther than a Small Entity
Claims Number Filed in Number Extra Rate Fee Rate Fee
in Reissue
Patent Application
Total Claims
(37 CFR 1.16())) ) 30 (B) 54 wwrn 24 = x$ = xs 18 = 612.00
Independent claims
@7CcrR1.16(M) | © 2 1) 4 . LA L N o |xs 86 = 86.00
Basic Fee (37 CFR 1.16(h)) $ § 770.00
Total Filing Fee $ OR 5 1468.00
Claims as Amended —~ Part 2
clai (R1) N i (t2£J . E(xa;) Small Entity Other than a Small Entity
ims Remaining ighest Number ra
After Amendment Previously Claims Rate Fee Rate Fee
Paid For Present
Total Claims o - . =
(37 CFR 1.16() 54 MINUS 30 =24y . xs 18 o | 43200
Independent MINUS
Claims (37 CFR | *** 4 1 o 3 = 1 _ -
1.16(1)) x$ = x$_86 = 86.00
Total Additional Fee 3 OR $ 1288.00

* If the entry in (D) is less than the entry in (C), Write “0” in column 3.

** if the “Highest Number of Total Claims Previously Paid For” is less than 20, Write “20" in this space.

*** After any cancellation of claims.

* |f “A” s greater than 20, use (B - A); if “A™ is 20 or less, use (B ~ 20).

e “Highest Number of Independent Claims Previously Paid For” or Number of Independent Claims in Patent (C).

D Applicant claims small entity status. See 37 CFR 1.27.

Please charge Deposit Account Number _ 23-1160 in the amount of $1288.00
A duplicate copy of this sheet is enclosed.

The Director is hereby authorized to charge any additional fees under 37 CFR 1.16 or 1.17 which may be required, or
credit any overpayment to Deposit Account Number _23-1160 .
A duplicate copy of this sheet is enclosed.

D A check in the amount of $ to cover the filing/additional fee is enclosed.

[:] Payment by credit card. Form PTO-2038 is attached.

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit cad information and authorization on PTO-2038.

Qctober 21, 2003

Date Q’Apphca ormney or Agent of Record
28,444 McDameI
Registration Number, if applicable Typed or printed name

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by 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. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time wilt vary depending upon the individua! case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S, Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450

If you need assistarice in completing the form, call 1-800-PTO-8199 and select option 2.



=

EXPRESS MAIL NO. EU592640451US
Case Docket No. CHR 2001-79 Reissue

CERTIFICATE UNDER 37 C.F.R. 1.10(a)

1 hereby certify that this correspondence is being deposited with the United States
Postal Service as Express Mail in an envelope addressed to the Commissioner for Patents, P. O.

Box 1450, Alexandria, VA 22313-1450, on October 21, 2003.

Attorney for the Applicants
Registration No. 28,444



BN
A L g
A N
& EXPRESS MAIL NO. EU592640451US
yapct Case Docket No. CHR 2001-79 Reissue

CERTIFICATE UNDER 37 C.F.R. 1.10(a)

I hereby certify that this correspondence is being deposited with the United States
Postal Service as Express Mail in an envelope addressed to the Commissioner for Patents, P. O.

Box 1450, Alexandria, VA 22313-1450, on Qctober 21, 2003.

7 D
Attorney for the ‘Applicants
Registration No. 28,444



EXPRESS MAIL NO. EU592640451US
Case Docket No. CHR 2001-79 Reissue

CERTIFICATE UNDER 37 C.F.R. 1.10(a)

I hereby certify that this correspondence is being deposited with the United States
Postal Service as Express Mail in an envelope addressed to the Commissioner for Patents, P. O.

Box 1450, Alexandria, VA 22313-1450, on October 21, 2003.

Terry B.MCD el
Attorney for the'Applicants
Registration No. 28,444



EXPRESS MAIL NO. EU592640451US
Case Docket No. CHR 2001-79 Reissue

CERTIFICATE UNDER 37 C.F.R. 1.10(a)

I hereby certify that this correspondence is being deposited with the United States
Postal Service as Express Mail in an envelope addressed to the Commissioner for Patents, P. O.

Box 1450, Alexandria, VA 22313-1450, on October 21, 2003.

Te . MtDanie
Attorney for the Applicants
Registration No. 28,444



EXPRESS MAIL NO. EU592640451US
Case Docket No. CHR 2001-79 Reissue

CERTIFICATE UNDER 37 C.E.R. 1.10(a)

I hereby certify that this correspondence is being deposited with the United States
Postal Service as Express Mail in an envelope addressed to the Commissioner for Patents, P. O.

Box 1450, Alexandria, VA 22313-1450, on October 21, 2003.

Attorney for the Applicants
Registration No. 28,444



EXPRESS MAIL NO. EU592640451US
Case Docket No. CHR 2001-79 Reissue

CERTIFICATE UNDER 37 C.F.R. 1.10(a)

I hereby certify that this correspondence is being deposited with the United States
Postal Service as Express Mail in an envelope addressed to the Commissioner for Patents, P. O.

Box 1450, Alexandria, VA 22313-1450, on October 21, 2003.

Attornely for the Applicants
Registration No. 28,444



EXPRESS MAIL NO. EU592640451US
Case Docket No. CHR 2001-79 Reissue

CERTIFICATE UNDER 37 C.F.R. 1.10(a)

I hereby certify that this correspondence is being deposited with the United States
Postal Service as Express Mail in an envelope addressed to the Commissioner for Patents, P. O.

Box 1450, Alexandria, VA 22313-1450, on October 21, 2003.

Terry B. MEDaniel
Attorney for the Apphcants
Registration No. 28,444



US 6,540,815 Bl

1

METHOD FOR REDUCING EMISSIONS
FROM EVAPORATIVE EMISSIONS
CONTROL SYSTEMS

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a method for reducing emissions
from evaporative control systems including activated carbon
particulate-filled canisters and adsorptive monolith-
containing canisters, which monoliths include activated
carbon, and to using said adsorbing canisters to remove
volatile organic compounds, and other chemical agents from
fluid streams. More particularly, this invention relates to
using said vapor-adsorbing materials in hydrocarbon fuel
consuming engines.

2. Description of Related Art (Including Information
Disclosed Under 37 CFR 1.97 and 37 CFR 1.98)

(a) Standard Working Capacity Adsorbents

Evaporation of gasoline from motor vehicle fuel systems
is a major potential source of hydrocarbon air poliution. The
automotive industry is challenged to design engine compo-
nents and systems to contain, as much as possible, the almost
one billion gallons of gasoline evaporated from fuel systems
each year in the United States alone. Such emissions can be
controlled by canister systems that employ activated carbon
to adsorb and hold the vapor that evaporates. Under certain
modes of engine operation, the adsorbed hydrocarbon vapor
is periodically removed from the carbon by drawing air
through the canister and burning the desorbed vapor in the
engine. The regenerated carbon is then ready to adsorb
additional vapor. Under EPA mandate, such control systems
have been employed in the U.S. for about 30 years, and
during that time government regulations have gradually
reduced the allowable emission levels for these systems. In
response, improvements in the control systems have been
largely focused on improving the capacity of the activated
carbon to hold hydrocarbon vapor. For example, current
canister systems, containing activated carbon of uniform
capacity, are readily capable of capturing and releasing 100
grams of vapor during adsorption and air purge regeneration
cycling., These canister systems also must have low flow
restrictions in order to accommodate the bulk flow of
displaced air and hydrocarbon vapor from the fuel tank
during refueling. Improvements in activated carbons for
autormotive emission control systems are disclosed in U.S.
Pat. Nos.: 4,677,086; 5,204,310; 5,206,207; 5,250,491;
5,276,000; 5,304,527, 5,324,703; 5,416,056; 5,538,932,
5,691,270; 5,736,481; 5,736,485; 5,863,858; 5,914,294,
6,136,075; 6,171,373; 6,284,705.

A typical canister employed in a state of the art auto
emission control system is shown in FIG. 1. Canister 1
includes support screen 2, dividing wall 3, a vent port 4 to
the atmosphere (for when the engine is off), a vapor source
connection 8§ (from the fuel tank), a vacuum purge connec-
tion 6 (for when the engine is running), and adsorbent
material fill 7.

Other basic auto emission control system canisters are
disclosed in U.S. Pat. Nos. 5,456,236; 5,456,237; 5,460,136;
and 5,477,836.

Typical carbons for evaporative emission canisters are
characterized by standard measurements of bed packing
density (“apparent density,” g/mL), equilibrium saturation
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capacity for 100% butane vapor (“butane activity,” g/100
g-carbon), and purgeability (“butane ratio”), specifically, the
proportion of adsorbed butane from the saturation 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 effective butane “working capacity™
(“BWC”, g/dL), measured by ASTM D5228-92, which has
been established in the art as a good predictor of the canister
working capacity for gasoline vapors. Carbons that excel for
this application have high BWC, typically 9 to 15+g/dL
BWC, as a result of high saturation capacities on a
volumetric-basis for butane (the product of density and
butane activity), and high butane ratios (>0.85). In terms of
isothermal equilibrium adsorption capacities across all
vapor concentrations, these carbons characteristically have
high incremental capacity as a function of increased vapor
concentration (i.e., isotherm curved upward on a semi-log
graph). This isotherm upward curve reflects the high work-
ing capacity performance feature of these carbons, in that
gasoline vapors are adsorbed in high quantity at high con-
centrations but readily released in high concentration to an
air purge stream. In addition, these carbons tend to be
granular (somewhat irregularly shaped) or cylindrical pellet,
typically of a size just about 1-3 mm in diameter. It has been
found that somewhat larger sizes hinder diffusional transport
of vapors into and out of the carbon particle during dynamic
adsorb and purge cycles. On the other hand, somewhat
smaller size particles have unacceptably high flow restric-
tion for displaced air and hydrocarbon vapors during refu-
eling.

(b) Divrnal Breathing Loss (DBL) Requirements

Recently, regulations have been promulgated that require
a change in the approach with respect to the way in which
vapors must be controlled. Allowable emission levels from
canisters would be reduced to such low levels that the
primary source of emitted vapor, the fuel tank, is no longer
the primary concern, as current conventional evaporative
emission control appears to have achieved a high efficiency
of removal. Rather, the concern now is actually the hydro-
carbon left on the carbon adsorbent itself as a residual “heel”
after the regeneration (purge) step. Such emissions typicalty
occur when a vehicle has been parked and subjected to
diurnal temperature changes over a period of several days,
commonly called “diurnal breathing losses.” Now, the Cali-
fornia Low Emission Vehicle Regulation makes it desirable
for these diumnal breathing loss (DBL) emissions from the
canister system to be below 10 mg (“PZEV”) for a number
of vehicles beginning with the 2003 model year and below

50 mg, typically below 20 mg, (“LEV-II") for a larger
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number of vehicles beginning with the 2004 model year.
(“PZEV” and “LEV-II” are criteria of the California Low
Emission Vehicle Regulation.)

While standard carbons used in the commercial canisters
excel in terms of working capacity, these carbons are unable
to meet DBL emission targets under normal canister opera-
tion. Furthermore, none of the standard measures of working
capacity properties correlate with DBL emission perfor-
mance. Nonetheless, one option for meeting emission targets
is to significantly increase the volume of purge gas during
regeneration in order to reduce the amount of residual
hydrocarbon heel in the carbon bed and thereby reduce
subsequent emissions. This strategy, however, has the draw-
back of complicating management of the fuel/air mixture to
the engine during purge regeneration and tends to adversely
affect tailpipe emissions, i.e., moving or redefining the
problem rather than solving it. (See U.S, Pat. No. 4,894,
072.)
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Anaother 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-
sions or by the installation of a supplemental, auxiliary
vent-side canister of appropriate dimensions. This alterna-
tive has the effect of locally reducing residual hydrocarbon
heel by increasing the intensity of purge for that vent-side
portion of the bed, thereby improving its ability to retain
vapors that would otherwise be emitted from the canister
system under diurnal breathing conditions. The drawback is
that there is a useful limit to which a portion of the bed can
be elongated at reduced cross-sectional area without other-
wise incurring excessive flow restriction by the canister
system. In practice, this limit does not allow employing a
sufficiently narrowed and elongated geometry to meet emis-
sion targets. (See U.S. Pat. No. 5,957,114.)

Another option for increasing the purge efficiency of a
fuel vapor/air mixture fraction adsorbed in the pores of the
adsorbent material is suggested by the teachings of U.S. Pat.
Nos. 6,098,601 and 6,279,548 by providing a beating capa-
bility internal of the canister, or a section thereof, either to
increase pressure in the vapor storage canister to expel hot
vapor through the vapor/purge conduit back into the fuel
tank where it condenses at the lower ambient temperature
therein ('601) or to increase the purging efficiency of hydro-
carbons from the heated adsorbent material and carry the
purged fuel vapor to the induction system of an associated
engine (*548). However, this increases the complexity of
control system management, and there appears some inher-
ent safety concemns in providing heating internal of a can-
ister for trapping fuel vapors.

Thus, an acceptable remedy, which does not have draw-
backs as the cited alternative approaches, is greatly desired.
It is submitted that the invention disclosed and claimed
herein provides the desired solution,

SUMMARY OF THE INVENTION

An invention is disclosed for sharply reducing diurnal
breathing loss emissions from evaporative emissions canis-
ters by the use of multiple layers, or stages, of adsorbents.
On the fuel source-side of the canister, standard high work-
ing capacity carbons are preferred. On the vent-side, the
preferred adsorbent volume exhibits a flat or flattened adsor-
bent isotherm on a volumetric basis in addition to certain
characteristically desirable adsorptive properties across
broad vapor concentrations, specifically relatively low incre-
mental capacity at high concentration vapors compared with
the fuel source-side adsorbent volume. Two approaches are

" described for attaining the preferred properties for the vent-

side adsorbent volume. One approach is to use a filler and/or
bed voidages as a volumetric diluent for flattening an
isotherm. A second approach is to employ an adsorbent with
the desired isotherm properties and to process it into an
appropriate shape or form without necessarily requiring any
special provision for dilution. Both such approaches provide
a substantially lower emissions canister system without a
significant loss in working capacity or an increase in flow
restriction compared with prior art adsorbents used for
automotive emissions control,
BRIEF DESCRIPTION OF THE DRAWINGS

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,

FIG. 3 shows butane isotherm properties for different
activated carbon adsorbents.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

" The disclosed invention relates to the use of multiple beds
(or layers, stages, or chambers) of adsorbent materials,
which, in combination, significantly reduce DBL emissions
while maintaining the high working capacity and low flow
testriction properties of the canister system. (See FIG. 2.)
These adsorbents include activated carbon from a variety of
raw materials, including wood, peat, coal, coconut, synthetic
or natural polymer, and a variety of processes, including
chemical and/or thermal activation, as well as inorganic
adsorbents, including molecular sieves, porous alumina,
pillared clays, zeolites, and porous silica, and organic
adsorbents, including porous polymers. The adsorbents may
be in granular, spherical, or pelletized cylindrical shapes, or
may be extruded into special thin-walled cross-sectional
shapes, such as hollow-cylinder, star, twisted spiral, asterisk,
configured ribbons, or other shapes within the technical
capabilities of the art. In shaping, inorganic and/or organic
binders may be used. The adsorbents may be formed into a
monolith or honeycomb part. The adsorbents may be incor-
porated into a canister as one or more layers, or separate
chambers, or they may be inserted in the fluid stream flow
as auxiliary canister beds.

One common feature for all of these approaches is to have
a vent-side adsorbent with a relatively flat-shaped isotherm.
This isotherm shape is important for reasons related to purge
efficiency across the adsorbent bed depth. For an adsorbent
with a flat adsorption isotherm, the concentration of hydro-
carbon vapor in equilibrium with adsorbed hydrocarbon, by
definition, decreases further as the adsorbed hydrocarbon is
removed compared with an adsorbent with a more steeply
sloped isotherm. Thus, when such a material is employed as
an adsorbent volume on the vent-side region of a canister,
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
the purge inlet that eventually emerges as bleed, decreasing
this concentration reduces the bleed emission level. The
degree of removal of adsorbed hydrocarbon during purge is
determined by the difference between the concentration of
hydrocarbon picked up in the purge gas and the concentra-
tion in equilibrium with the adsorbent at any point in the bed.
Thus, adsorbent in the immediate vicinity of the purge inlet
will be most thoroughly regenerated. At points deeper in the
adsorbent bed, less hydrocarbon will be removed because
the purge gas will already contain hydrocarbon removed
from previous points in the bed. An adsorbent with a flatter
adsorption isotherm will give up less vapor into the purge
stream and this purge will théx be more efficient in reducing
vapor concentrations deeper into the bed. Therefore, for a
given quantity of purge gas, it will be possible to reduce the
vapor concentration in a volume of adsorbent with a flat
adsorption isotherm to a lower level than the concentration
in the same volume of an adsorbent with a steep adsorption
isotherm. Bleed emission from such a volume will therefore
be lower when the adsorbent has a flatter adsorption iso-
therm.

A region within a canister containing particulate or in an
adsorbent-containing monolith with the preferred adsorption
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

11
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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
example, 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 sofficient 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.

In the context of the invention, “monolith” is intended to
include foams, woven and non-woven fibers, mats, blocks
and bound aggregates of particulates,

It is notable that the emission of vapor from the main,
high-capacity fuel source-side volume of adsorbent into the
auxiliary lower capacity vent-side volume is significantly
affected by the presence of that vent-side volume. During
purge, a vent-side adsorbent volume having a flat adsorption
isotherm will give up a relatively small hydrocarbon load
into the purge gas. Therefore, the concentration of vapor
carried by the purge gas will be low as it emerges from the
low-bleed vent-side volume and enters the high-capacity,
fuel source-side volume, This allows good regeneration of
the high-capacity adsorbent in the vicinity of the junction of
the two adsorbent volumes, and helps protect the vent-side
volume from emissions from the fuel source-side region of
the canister during diurnal breathing flow. Specifically, the
greater regeneration efficiency of the fuel source-side vol-
ume reduces divrnal emissions by retarding the rate of bulk
phase diffusion across the flow length of the canister system.
Since butk phase diffusion is a major mode of vapor trans-
port during diumnal breathing conditions, by reducing the
vapor concentration difference across the flow length of the
canister system by enhanced regeneration, the redistribution
of vapors within the canister system and subsequent emis-
sions into the vent-side volume and out of the vent port are
reduced.

Examples of adsorbents with isotherms having the pre~
ferred shape to provide low bleed performance are compared
with standard canister-fill carbons (Westvaco Corporation’s
BAX 1100 and BAX 1500) in FIG. 3. It is important to note
that, as shown in this figure, the isotherm properties must be
defined in terms of volumetric capacity. On this basis, the
preferred low-bleed adsorbent portion will have an incre-
mental n-butane capacity of less than about 35 giliter
between 5 and 50 volume percent n-butane vapor concen-
tration. .

While in some instances, known adsorbents may have the
preferred properties for the vent-side, these adsorbents
would not be expected to be useful in an evaporative
canister. In some cases, these materials have low purgeabil-
ity (butane ratio less than 0.85) and low working capacity
(BWC less than 9 g/dL) as measured by the standard BWC
test for qualifying canister carbons. Common wisdom and
experience in the art associate low butane ratio with high
residual hydrocarbon heel, which is the potential source for
high emissions. Furthermore, low BWC adsorbents were not
considered useful for inclusion into a canister system as
working capacity for gasoline vapors would be assumed
impaired, with no expectation that there would be a utility
for reducing emissions. In fact, one preferred embodiment of
this invention, lower capacity adsorbents have BWC values
preferably below 8 g/dL, which is well below the 9-15+g/dL
BWC level normally deemed suitable for use in evaporative
emission control canister systems. The preferred selection of

—
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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.c., the significance of low residual vapor
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
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
systems.

The proposed alternative approaches described above are
shown to be effective in canister bleed emission control in
the following examples. One approach for preparing the
vent-side adsorbent is to volumetsically dilute a high work-
ing capacity adsorbent so that its resulting isotherm is
flattened on a volumetric basis. A second approach is to
begin with an adsorbent that has the desired adsorption
capacity and flat isotherm shape and process it into a shape
or form, such as a pellet or honeycomb.

A particular preferred embodiment for a canister with
multiple adsorbents is shown in FIG. 2. FIG. 2 shows a
canister system comprising a primary canister body 1, a
support screen 2, a dividing wall 3, a vent port 4 to the
atmosphere, a vapor source connection 5, a vacuum purge
connection 6, a fuel source-side region 7, vent-side canister
regions 811 of varying low-capacities, supplemental can-
ister body 12, and connecting hose 13 permitting fluid
stream flow from the primary canister body 1 to the supple-
mental canister body 12. Additional embodiments, as dis-
cussed above, are also envisioned to be within the scope of
the subject of the invention.

The desired results for the subject matter of the invention
can be attained with a single vent-side uniform lower
capacity adsorbent material as the subsequent adsorbent
material. The option of multiples of lower capacity adsor-
bents with the desirable adsorptive properties across broad
vapor concentrations is demonstrated merely as one embodi-
ment.

The measures for gasoline working capacity (GWC) and
emissions in the Table were derived from the Westvaco DBL
test that uses a 2.1 L canister. The pellet examples were
tested as a 300 mL vent-side layer within the canister, with
the 1800 mL of BAX 1500 pellets as the remaining canister
fill. The honeycomb was tested as an auxiliary bed canister
that was placed in-line with the 2.1 L main canister of BAX
1500 pellets. For all examples, the canister system was
uniformly first preconditioned by repetitive cycling of gaso-
line vapor adsorption and air purge (400 bed volumes air).
This cycling generated the GWC value. Butane emissions
were subsequently measured after a butane adsorption and
an air purge step, specifically during a diurnal breathing loss
period when the canister system was attached to a
temperature-cycled fuel tank. The reported value is the 2™
day DBL emissions during an 11-hour period when the fuel
tank was warmed and vapor-laden air was vented to the
canister system and exhausted from the vent-side adsorbent
where the emissions were measured. The procedure
employed for measuring DBL emissions has been described
in SAE Technical Paper 2001-01-0733, titled “Impact and
Control of Canister Bleed Emissions,” by R. S. Williams and
C. R. Clontz.

Example 1: Microsphere Filler Pellets. These 2 mm
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
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 17 in FIG. 3).
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
thin layers of non-adsorbing particles or porous mats (e.g.,
foam), or simply trapped air space between layers of adsor-
bent.

Example 2: Ceramic-Bound Honeycomb. The 200 cpsi
(cells per square inch) carbon-containing honeycomb is
another example of the volumetric dilution method. The
boneycomb 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
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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.
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
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.

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
Performance, 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 1800 mL 1800 mL
Volume:
Vent-Side Adsorbent Type: “Ex. 1" “Ex. 2" “Ex.3”  BAX 1100 BAX 1500
Vent-Side Mode: Layer Auxiliary Bed Layer Layer Layer
Vent-Side Adsorbent Volume: 300 mL 200 mL 300ml. 300 mL 300 mL
’ 41 mm diameter X

150 mm long,

200 cpsi
Canister System Performance:
Westvaco DBL Test
Gasoline Working Capacity, g: 138 - 144 132 -143 “139
2™ Day DBL Emissions, mg-C,: 29 10 13 88 221
Note: (¢}) @ [©)] @) )
Vent-Side Properties (6)
Incremental Adsorption At 25° C.
5-50 vol % butane vapor, g/L: 24 16 18 52 80
Apparent Density, g/mL: 0.869 0.355 0453 0.358 0.284
Butane Activity, /100 g: 70 13.1 185 39.0 64.7
BWC, g/dL: 5.7 4.0 50 11.9 16.0
Butane Ratio: 0.929 0.852 0.593 0.852 0.868

(1) Two DBL Test; Averaged data for GWC (400 bed volume purge) and DBL emissions (150 bed volume
purge); 2.1L 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 Yests
(4) Average of three DBL Tests

(5) Average of six DBL Tests

(6) Density and BWC by ASTM standard techniques.

13
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The Table shows data for the three examples of these two
approaches compared with vent-side layers containing high
working capacity carbons, BAX 1100 and BAX 1500.
Compared with the state of the art BAX carbons (the FIG.
3), all three of the examples have significantly lower capaci-
ties for butane at high concentrations and considerably
flatter isotherm curves.

As shown in the Table, the examples demonstrate reduc-
tions in emissions by factors of 3~22 over canisters consist-
ing of only high working capacity carbons. There was either
no loss or only a slight loss in GWC.

A further preferred embodiment of the invention method
is presented in an evaporative emissions control system for
a vehicle, the system comprising, in combination, a fuel tank
for storing a volatile fuel, an engine having an air induction
system and adapted to consume the fuel, a canister contain-
ing 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 defines 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 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 opening and along the air flow 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 portion of the adsorbed fuel vapor but leaving a
residue of fuel in the initial volume, 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
between vapor concentrations of 5 vol % and 50 vol %
n-butane before routing the fluid stream through at least one
subsequent volume of vapor adsorbent material wherein the
subsequent volume of vapor adsorbent material is charac-
terized 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.

This invention method certainly includes an embodiment
wherein the second volume of vapor adsorbent material is
located outside the canister in a separate subsequent canister,
but in the flow path of the ambient air to the vent/air inlet and
the first region.

This invention method includes an embodiment 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.

The invention method includes an embodiment wherein
the initial volume of vapor adsorbent material and the
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10
subsequent volume of vapor adsorbent material are inor-
ganic materials selected from the group consisting of
zeolites, porous silica, porous alumina, pillared clays, and
molecular sieves.

The invention method includes an embodiment wherein
the initial volume of vapor adsorbent material and the
subsequent volume of vapor adsorbent material are porous
polymers.

The invention method includes an embodiment wherein
the subsequent volume of vapor adsorbent material exhibits
adsorption capacities achieved by volumetric dilution.

The invention method further includes and embodiment
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,

The invention method further includes an embodiment
wherein the volumetric dilution is accomplished by forming
the adsorbent material into high voidage shapes selected
from the group consisting of stars, hollow cylinders,
asterisks, spirals, cylinders, configured ribbons, and other
shapes within the capabilities of the art.

The method claimed herein includes an embodiment
wherein the volumetric dilution is accomplished by forming
the adsorbent into a honeycomb or monolith shape.

The method claimed herein includes an embodiment
wherein the volumetric dilution is accomplished by the use
of inert spacer particles, foams, fibers, and screens external
to the vent-side adsorbent particles and monoliths.

The method claimed herein includes an embodiment
wherein the non-adsorbing filler is a solid after processing,

Also, the method claimed herein includes an embodiment
wherein the non-adsorbing filler is volatized or combusted to
form voidages larger than 50 A width within the shaped
particle or monolith.

The foregoing description relates to embodiments of the
present invention, and changes and modifications may be
made therein without departing from the scope of the
invention as defined in the following claims.

We claim:

1. A method for reducing fuel vapor emissions in auto-
motive evaporative emissions control systems comprising
the steps of contacting the fuel vapor with an initial adsor-
bent volume having incremental adsorption capacity at 25°
C. of greater than 35 g n-butane/L. between vapor concen-
trations of 5 vol % and 50 vol % n-butane and at least one
subsequent adsorbent volume having an incremental adsorp~
tion capacity of less than 35 g n-butane/L. between vapor
concentrations of § vol % and 50 vol % n-butane.

2. The method of claim 1 comprising a single subsequent
adsorbent volume.

3. The method of claim 1 comprising multiple subsequent
adsorbent volumes.

4. 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.

5. 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.

6. 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.
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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
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
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
materials selected from the group consisting 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
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 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.

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-
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 wherein the volumetric
dilution is accomplished by the use of inert spacer particles,
trapped air spaces, foams, fibers, and screens extemnal to the
adsorbent.

16. The method of claim 12 wherein
filler is a solid after processing.

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 reducing fuel vapor emissions in an
automotive evaporative emissions control system compris-
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
initial adsorbent material is characterized by an incremental
adsorption capacity at 250 C. of greater than 35 g n-butane/L
between vapor concentrations of 5 vol % and 50 vol %

the non-adsorbing
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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 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 of addition with the activated carbon
raw material prior to activation, addition with the adsorbent
before forming into a shaped particte 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.
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New Claims:

Tn an eval orative emissions contro!
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system fora vehicle comprising. in
combination. fuel tank for storing @

volatile fuel, an engine having an air

induction system and adapted t0 consume

the fuel. @ canister containing an initial

1 vapor adsorbent material for

volume of fuel vap

temporarily adsorbing and storing fuel vapor
from the tank, 2 conduit for conducting fuel

vapor from the tankfoa canister vapor inlet,

apor purge conduit from2 canister

a fuel vapor pure

purge outlet to the induction system of the

engine. and 2 vent/air ogening for venting

the canister and for admission of air to the

canister during operation of the engine

induction system, wherein the canister 18
defined by 3 fuel vapor flow path via the
canister vapor inlet through the initial

or adsorbent within a first

volume of vap

e canister toward the yent/air

region of th

opening. and an air flow path through
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utlet, such that fuel vapor formed in the
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h the vapor inlet into the
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initial volume of adsorbent where it is

adsorbed and, during operation of the engine
induction system, ambient air flowsina path

to and through the vent/air opening and

long the air flow path in the canister
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through the initial volume and the purge

outlet to the induction system of the engine.

the flow of air removing @ portion of the
adsorbed fuel vapor but leaving 2 residue of
fuel in the initial volume,

the improvement wherein at least

one subsequent volume of vapor

adsorbent material comprises @

olume of 1% to 100% of the first

v
volume and 18 located either inside
f the canister within the second
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canister, and wherein the initial
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routing the fluid stream through at



least one subsequent volume of

apor adsorbent material wherein

vapor adsorbent M2 ===

the subsequent yolume of vapor

dsorbent material 18 characterized

adsorbent materiaz 15 2 =EE=mEm

byan incremental adsorption

capacity at 15°C of less than 35 gn-

butane between vapor
concentrations of 5 vol% and 50
vol% n-butane.
32. The system of claim 31 wherein the
second volume of vapor adsorbent material
is located outside the canister in a separate
subsequent canister.
33, The system of claim 31 wherein the
initial volume of vapor adsorbent material
and the subsequent volume of vapor

adsorbent material are activated carbon

om materials selected from the

derived fr

group consisting of wood, peat., coal,

coconut, lignite, petroleum pitch, pctroleum

coke, coal tar pitch, fruit pits, nut shells,

sawdust, wood flour, s;p}thetic polymer, and

natural polymer having been activated by a

process selected from the group consisting

£ chemical thermal, and combined

of chemical, tneTMA, S22 =2

hemical/thermal activation methods.
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_ The system of claim 31 wherein the
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initial volume of vapor adsorbent material
and the subsequent volume of vapor

adsorbent material are inorganic materials

selected from the_group consisting of
zeolites, porous silica, porous alumina,

illared clays and molecular sieves.
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35. The system of claim 31 wherein the
initial volume of vapor adsorbent material
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and the subsequent volume of vapor

adsorbent material are porous polymers.

. The system of claim 31 wherein the
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subsequent volume of vapor adsorbent

material exhibits adsorption capacities

achieved by volumetric dilution.

37. The system of claim 36 wherein the

volumetric dilution is accomplished by the
addition of a non-adsorbing filler as a co-
ingredient by an addition process selected
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the activated carbon raw material prior to
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8. The system of claim 36 wherein the
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volumetric dilution is accomplished by



forming the adsorbent material into high
voidage shapes selected from the group
consisting of stars, hollow cylinders.
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volumetric dilution 18 accomplished by
forming the adsorbent into 2 honeycomb or

monolith shape.

0. The system of claim 36 wherein the
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yolumetric dilution is accomplished by the

use of inert spacer particles, trapped air
aces, foams and screens external to the
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adsorbent.
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41. The system of claim 37 wherein the

on-adsorbin filleris a solid after
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rocessing.
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combusted to form voidages larger than 50
width within the shaped particle of
monolith.
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a portion of the adsorbed fuel vapor but

leaving @ residue of fuel in the initial

volume, and wherein at least one subsequent

volume of vapor adsorbent material

s a volume of 1% to 100% of the

comprise

olume and is located either inside of

initial v
the canister within the second region thereof

r outside of the canister and wherein the

9//

nitial volume of vapor adsorbent material 18

initial volume of vapor 8GSOEEEETEEE



characterized by an incremental adsorption

capacity at 25°C of greater than 35 gn-

butane/L-bed between vapor concentrations
of 5 vol% and 50 vol% n-bﬁtane 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.
44. The canister of claim 43 wherein the

second volume of vapor adsorbent material

is located outside the canister in 2 separate
subsequent canister.

45. 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, slnthctic polymer, and

natural polymer having been activated by a
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6. The canister of claim 43 wherein the
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zeolites, porous silica, porous alumina,

{llared clays and molecular sieves.
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47. The canister of claim 43 wherein the
initial volume of vapor adsorbent material

and the subsequent volume of vapor

adsorbent material are porous polymers.
8. The canister of claim 43 wherein the
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hieved b volumetric dilution.
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9. The canister of claim 48 wherein the
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before forming into 2 shaped particle or

monolith, and a combination thereof.

50. The canister of claim 48 wherein the

volumetric dilution is accomglished by

forming, the adsorbent material into high

voidage shapes selected from the group

consisting of stars, hollow cylinders,

asterisks, spirals, cylinders, and configured
ribbons.

51. The canister of claim 49 wherein the

volumetric dilution is accomplished by an

adsorbent formed into a honeycomb or

monolith shape.

52. The canister of claim 48 wherein the

volumetric dilution is accomplished by the

inclusion of inert spacer garticles, trapped
air spaces, foams, and screens external to the

adsorbent.

53. The canister of claim 49 wherein the

non-adsorbing filler is a solid after

processing.

54. The canister of claim 49 wherein the

non-adsorbing filler is volatized ot

combusted to form voidages larger than 50A

width within the shaped particle or

monolith.
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(60) Provision:I a eplication N[:’p 6823‘;‘;97 a cled on Nov. 21 system canister, high working capacity carbons aré preferred
2001 P ) o Cen in a first canister (adsorb) region. In subsequent canister
’ ; region(s) on the vent-side, the prcfetred adsorbent should
31 Int. CL7 conresimsemeree FO02M 33/02; BO1D 53/04 exhibit a flat of flattened adsorption isotherm on a yolumet-
(52) US. Cla coerresenmmesserasessessst 95/146; 95/900; 123/519  ric basis and relatively lower capacity for high concentration

(58) Field of Geareh covsecsmimmsseer sttt 95/90, 146, 148, vapors as compared with the fuel source-side adsorbent.
95/900-903; 96/132, 133, 147; 123/518, Multiple approaches ar¢ describ_ed for attaining the preferred

519; 502/416 properties for the vent-side canister region. One approach is
~ to use a filler and/or voidages as @ volumetric diluent for

(56) References Cited flattening an adsorption isotherm. Another approach is to
. employ an adsorbent with the desired adsorption isotherm
U.S. PATENT DOCUMENTS properties and to process it into an appropriate shape or form
4,677,086 A * 6/1987 McCue et P T 123/519 without necessarily requiring any special provision for dilu-
4894072 A * 1/1990 Tumer et al. - ... 123/519 tion. The improved combination of high working capacity
5204310 A * 4/1993 Tolles et al. - " 123519 carbons oD the fuel source-side and preferred lower working
5206207 A * 41993 Tolles w..eeerr " 502423 capacity adsorbent O the vent-side provides substantially
5,207,808 A * 5/1993 Haruta et al. oo 123519 jower diurnal breathing emissions without a significant 10sS
ggg‘g? ’; . 1%’;1333, '50“65 etal. s 95/143 i working capacity or increase in flow restriction compared
,250, AT aeeenrsemnsnsinesnsnset sttt 264/117 . X . .
276000 A * 1/1994 Matthews et T s0o424 with known adsorbents used in canister configurations for
So0S] A+ 41994 Dimitd - pate  utomotive emissions control systems:
5324703 A * /1994 McCue et al. wooeeeoes 502424

5337,721 A ¥ /1994 Kasuya et al. coeeeee 30 Claims, 3 Drawing Sheets
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Mass adsorbed, g/L

FIGURE 3

n-Butane Adsorption Isotherm at 25°C
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Express Mail No. EUS59264045 1US

Case Docket No. CHR 2001-79

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ce H. Hiltzik, Jacek Z.J agiello, Edward D. Tolles, and

"

Applicant: Lauren
Roger S. Williams
Serial No.:  (To be assigned) Group Art Unit: 1754
Filed: October 21, 2003
For: «“Method for Reducing Emissions from Evaporative Emissions Control
System”
Examiner: (Tobe assigned)
Commissioner for Patents
United States Patent and Trademark Office
Alexandria, VA 22313-1450

DECLARATION UNDER 37 CFR 1.131(2)

Dear Sir:

el, declare as follows:

1, Terry B. McDani
ove-identiﬁed

1. That1am the attorney for the applicants in the instant, ab
o same applicants in the patent

™M
reissue patent application and that 1 was the attorney for th

/100,362), filed on March 1

8,2002 (referencing benefit of the

application (SN 10
er 21,2001) that issued as U.S. Patent NO- 6,540,815

Provisional filing date of Novemb
m which this reissue application is taken;

Abstract of the J apanese P
«Canister” with the designated app

on April 1, 2003, fro
2. Thatlam familiar with the ublished Patent
0. 2002-256989 titled

n date of September 11,20

licant

Application Publication N
02 (the “Aisan

Aisan Ind. Co. Ltd. and having a publicatio

patent”);
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Express Mail No. FU592640451US
Case Docket No. CHR 2001-79 (Reissue)

3. That both the provisional application filing date of SN 60/335,897 and the
subsequent non—provisional filing date of U.S. Patent No. 6,540,815, from which this
reissue application benefits for disclosure purposes, Were prior to September 11,2002,
the critical date of the Aisan patent for consideration as prior art to a U.S. patent
application;

4. That, pursuant t0 37 CFR. 1.131(a), the disclosure of the Aisan patent cannot
be considered as prior art in the examination of the instant reissue application: and

5. The undersigned declares further that all statements made herein of his own
knowledge are tru€ and that all statements made on information and belief are believed to
be true; and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, Of both, under
section 1001 of Title 18 of the United States Code and that such willful false statements

may jeopardize the validity of the application or any patent issuing thereon.

Date: October 21, 2003
Te McDani
Attomey for the pplicants

Registration No. 28,444

MeadWestvaco Corporation
5255 Virginia Avenue

Post Office Box 118005
Charleston, SC 29423-8005
Tel: (843) 740-2311

Fax: (843) 746-8494
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PTO/SBISY (07—03)
Approved for use through 01/3112004. omB 0651-0033

u.S. Patent and Trademark Office; U-S- DEPARTMENT OF COMMERCE

Act of 1995, 10 persons are required t0 respond t0 8 collection of information unless it displa a valid OMB control number.
Docket Number (Optional)

CHR 2001-79 (_reissue)

Under the paperwork Reduction

REISSUE APPL!CATION DECLARATlON BY THE INVENTOR

| hereby declare that:
Each inventor's residence, mailing address and citizenship aré stated below next to their name.

| believe the inventors named below to be the original and first inventor(s) of the subject matter which is described and claimed
in patent number W . grante W and for which 2
reissue patent is sought on the invention entitied Method FOr Reducind Emission From

Evaporative Emission control Systems

)

the speciﬁcat‘xon of which

K is attached hereto-

as reissue application number ——

[] wasfiedon —

and was amended on
. (if applicable)

| have reviewed and understand the contents of the above-’&denﬁﬁed specification. including the claims, as amended by any

amendment referred to above.
dge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56.

| acknowle
0O | hereby claim foreign priority penefits under 35 u.s.C. 119(a)(d) o ), or 365(b)- Attached is form PTO/SBI02B (or

equivalent) listing the foreign applications-

| verily befieve the original patent to pe wholly of partly inoperative Of invalid, for the reasons described

below. (Check all boxes that apply-)

O " py reason of a defective speciﬁcation or drawing.

patentee claiming more or less than he had the right to claim in the patent.

m by reason of the

D py reason of other errors.

At least on€ error upon which reissué is based is described pelow. If the reissue is @ proadening

reissue, such must be stated with an explanation as to the natureé of the proadening:

submitted for reissue in order to gain penefit of previously\
disclosed but unclaimed subject matter related to 2@ caniste%
gystenm for controlling auto emissions.

iPage 1 of 2}

This collection of information is required by 37 CFR 1.475.The information is required o obtain of retain @ penefit by the P

to process) an application- Conﬂdenl‘\ality is governed by sc.122 and 37 R 1.14. This collection is estimated to take 30 min
A ] ol ; .

gathering‘ prepanng, and submitting the complete

his burden, should be sent to the Chief {nformation icer, U.S- Patent and
Trademark office, U.S Department of erce, P.O. BoxX 1450, Alexan ria, VA 22313-145 DO NO SEND FEES OR COMPLETED FORMS TO THIS

) omm .
ADDRESS. SEND TO: Commissioner for Patents, p.0. Box 1450, Alexandria, VA 223131 450.

If you need assistance in completing the form, call 1—800-PTO-9199 and select option 2.
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PTOISBISY (07-03)
Approved for use through 01/31/2004. omB 0651-0033
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Pagerwork Reduction Act of 1995, N0 persons are reguired to respond to 8 collection of information uniess'il displays 8 valid OMB control number,
Docket Number (Optionai)

‘ (RE\SSUE APPLiCATiON DECLARATION BY THE INVENTOR, page 2)
CHR 2001-79 reissue

Al errors corrected in this reissue application arose without any deceptive intention on the part of the applicant.
Note: To appointa power of attorney, use form pPTO/SB/8Y.

Correspondence Address. Direct all communications about the application to:

@ Customer Number.
36876

OR

Firm or
Individual Name

CAddress

MeadWestvaco Corporation ‘

Address

| City State \ Zip

Country

—/

Telephone Fax

| hereby declare that all statements made herein of my own knowledge aré true and that 2l statements made on information

and belief are pelieved to pe true; and further that these statements were made with the knowledge that willful false

statements and the like sO made are punishabie by fine and imprisonment, or both, under 18U.S.C. 1001, and that such wiltful

false statemen iecpardize the validity of the application, any patent issuing thereon, or any patent t0 which this
is directed.

declaration IS

Citizenship
United States of America

Residence
191 proad street,

Mailing Address
191 Broad street, Charleston, gc 29401
Full name of second joint inventor (given name, family name)
Jacek Z-. Jagiello

inventor's signature

Residence
16212 Mahogany

Mailing Address
16212 Mahoga

Full name of third join
Edward Don Tolle

Citizenship
ynited

Mailing Address
2 Lampton

Road, Charleston, sC 29407

E Additional joint inventors of legal represeniative(s) are named on separately numbered sheets forms PTO/SBIO2A Of 02LR attached hereto.

{Page 2 of 2}
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PTO/SB/52 (07-03)
Approved for use through 01/31/2004. omB 0651-0033
U.S. Patent and Trademark Office; u.s DEPARTMENT OF COMMERCE

Under the pPaperwork Reduction Act of 1995, 00 persons are required to respondtod collection of information unless it displays & valid OMB control number.

Docket Number (optional)
REISSUE APPLICATION DECLARATION BY THE ASSIGNEE CHR 2001-7 9 (Reissue)

| hereby declare that:

The residence, mailing address and citizenship of the inventors aré stated below.

| am authorized t0 act-on behalf of the following @ MeadWestvaco COL oration

ssignee:
and the titie of my position with said assignee is: ///1____————/A5515tant Secretar

The entire title to the patent identified pelow is vested in said assignee.

Citizenship
United States of America

Residence: Mailing Address
1 Br

/
19 oad Street, Ch

Residence/Ma'n'm
16212

Additional Inventors ar
Patent Number
6,540

f Invention
Method For

Title 0

Reducing EW

| believe said inventor(s) to be the original and first inventor(s) of the subject matter which is described and claimed in said
patent, for which @ reissue patent is sought on the invention entitled:

Method For Reducing Emissions From Evaporative Emissions Ccontrol systems

the speciﬂcation of which

[Q is attached hereto.

as reissue application number —— — [y

D was filed on /__/

and was amended on
(if applicable)

| have reviewed and understand the contents of the above identified speciﬁcation, including the claims, as amended by any
amendment referred to above.

| acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56.

| hereby claim foreign priofity penefits under 35U.8.C. 119(a)-(d) of (f), or 365(b). Attached is form PTO/SBI02B
(or equivalent) listing the foreign applications.

i verily befieve the original patent to pe wholly or partly inoperative or invalid, for the reasons described
pelow. (Check all boxes that apply.)

D by reason of a defective speciﬁcation or drawing.

@ by reason of the patentee claiming more of less than he had the right to claim in the patent

D by reason of other errors.

{Page 1 of 2}
This collection of information is required by 37 CFR 1.475. The information is required to obtain or retain @ penefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U. C. 122 and 37 CFR 1.14. This collection is estimated to take 30 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 t0 complete this form and/or suggestions for reducing this burden, should be sent to the Chief {nformation Officer, U.S. patent and

Trademark Office, U.S. Department of Commerce, p.0O. Box 1450 Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistancé in completing the form, call 1-800—PTO-9199 and select option 2.
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PTOISBI52 (07-03)

Approved for use through 01/31/2004. OMB 0651-0033

U.S. Patent and Trademark Office; u.s. DEPARTMENT OF COMMERCE

nd to a collection of information uniess it displays @ valid OMB control number.

Docket Number (Optional)
REISSUE APPLICATION DECLARATION BY THE ASSIGNEE CHR 2001-79 (reissue)
At least one error upon which reissue is based is described as follows:

d for reissue in order to gain penefit of previously disclosed, but
related to a canister system for controlling auto

Under the paperwork Reduction Act of 1995, no persons are required to respo

Submitte
unclaimed subject matter
emissions.

[Attach additional sheets, if needed.]

All errors corrected in this reissue application arose without any deceptive intention on the part of the applicant.

| hereby appoint:
g Practitioners at Customer Number: 36876
OR

D Practitioner(s) named below:

Name Registration Number

as my/our attorney(s) or agent(s) to prosecute the application identified above, and to transact all business in the United

States Patent and Trademark Office connected therewith.

rect all communications about the application to:

36876

Correspondence Address: Di

EK_] Customer Number:
OR

D Firm or
individual .
Namle MeadWestvaco Corporation

Address

Address

—— =

Country

Telephone
P (843) 746-8493 “ (843) 746-8494
| statements made on information

1 hereby declare that all statements made herein of my own knowledge aré true and that al
and belief are pelieved to be true and further that these statements were made with the knowledge that wiliful false

statements and the like so made are punishable by fine and imprisonment, or both, under 18 u.S.C. 1001, and that such willful

false statements may leopardize the validity of the application, any patent issuing thereon, of any patent to which this

declaration is directed.
Full name of person signing (given name, family name)
rrara

ignee
MeadWestvaco Corporation, One High Ridge Park, stamford, CT 06905

[Page 2 of 2]
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Case Docket Number:

page 1 of 1

Additional Inventors are named below:

Edward D. Tolles

2 Lampton Road

Charleston, SC 29407

Citizenship: United States of America

Roger S. Williams

900 Boyer Lane

Lexington, VA 24450

Citizenship: United States of America

CHR 2001-79 (rei
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. PTO/SB/S6 (08-03)
Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwark Reduction Act of 1985, no persons are required to respond to @ collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

App“canﬂpatent owner: MeadWestvaco Co rporation

10/100, 362 March 18, 2002
Application No./Patent No.: 6,540,815 Filed/lssue Date: April 1, 2003
Entitled: Method For Reducing Emission From Evaporative Emissions Controd Systems
MeadWestvaco . Corporation ,a Corporation B
(Name of Assignee) (Type of Assignee, €.9., corporation, partnership, university, govemment agency, etc.)

states that it is:
1.6 the assignee of the entire right, title, and interest; or

2. [0 an assignee of less than the entire right, title and interest.
The extent (by percentage) of its ownership interest is ————%
in the patent applicationlpatent identified above by virtue of either:

A.[ JAn assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded
in the United States Patent and Trademark Office at Reel , Frame ., or for which a copy thereof is
attached.

OR

B.[X]A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as shown
below. 1.H. Hiltzik, J.Z. Jagiello, '
E.D. Tolles, and R.S. Wiliia%q Westvaco Corporation

1. From:
The document was recorded in the United States Patent and Trademark Office at
Reel 12888 , Frame 0474 , or for which a copy thereof is attached.
2. From: wegtvaco Corporation To: MeadWestvacb Corporation
The document was recorded in the United States Patent and Trademark Office at
Reel 13922  Frame __0117 , or for which a copy thereof is attached.
3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

[ ]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 assignment document or a true copy of the original document)

must be submitted to Assignment Division in accordance with 37 CFR Part 3, ifthe assignment is to be
recorded in the records of the USPTO. See MPEP 302.08]

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

D obtr 13, 2003 John J. Carrara
- Date ' Typed gryprinygd name
(203) 461-7502 | QS«@\ q; &M“
Telephone number —U Sigdlature :

Assistant Secretary
Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is govemed by 35U.8.C. 122 and 37 CFR 1.14. This coliection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individua case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, p.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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= PATENT AND
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PTAS Chief Information Officer
Washington, DC 20231
www.uspto.gov

I

i e L

p.0. BOX 11
CHARLESTON, sC 29423-8005

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF

THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER

REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE
INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA

PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD
FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY
ICE AT 703-308-9723.

E EMPLOYEE WHOSE NAME APPEARS ON THIS NOT
U.S. PATENT AND TRADEMARK OFFICE,

PLEASE SEND REQUEST FOR CORRECTION TO:
ASSIGNMENT DIVISION, BOX ASSIGNMENTS, cG-4, 1213 JEFFERSON DAVIS HWY,

SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 05/09/2002 REEL/FRAME: 012888/0474
. NUMBER OF PAGES: 3

BRIEF: ASSIGNMENT OF ASSIGNOR’S INTEREST (SEE DOCUMENT FOR DETAILS) .

ASSIGNOR:
HILTZIK, LAURENCE H. DOC DATE: 03/26/2002

ASSIGNOR: .
JAGIELLO, JACEK Z. DOC DATE: 03/28/2002

ASSIGNOR:
TOLLES, EDWARD D. DOC DATE: 03/28/2002

ASSIGNOR:
WILLIAMS, ROGER S. DOC DATE: G3/28/2002

ASSIGNEE:
WESTVACO CORPORATION

5255 VIRGINIA AVENUE

p.0. BOX 118005
CHARLESTON, SOUTH CAROLINA

29423-8005
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SERIAL NUMBER: 10100362
PATENT NUMBER:

JOANN STEWART, EXAMINER

ASSIGNMENT DIVISION
OFFICE OF PUBLIC RECORDS
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10209228

Form PTO-1595
(Rev. 03/01)

OMB No. 0651-0027 (exp. 5/31/2002)
Tab settings Y

\

1. Name of conveying party(ies):

Laurence H. Hiltzik
5.4:08

Jacek Z. Jagiello
Edward D. Tolles
Roger S. williams

3. Nature of conveyance:
Assignment
[:l Security Agreement

[] other— e

l DMerger

AN

PATENTS

To the Honorable Commissioner of Patents and Trademarks: Please record the attached original documents or Copy thereof.

Additional riame(s) of conveying party(ies) aﬁached?DYes No

E]Change of Name

Execution Date:.3[2?!9.2__51‘9_2/,2.?[9_2____.___.

Xpress Mail
'ase Docket

No.: 370311201US
No. CHR 2001-79

1 R SHEET

ONLY
v

U.S. DEPARTMENT OF COMMERCE
U.S. Patent and Trademark Office

v v

2. Name and address of receiving party(ies)
Name: _______\estvaco Corporenon

Internal Address: f;?-_?i",llff?i’f

____—______________m_____

Street Address: 5255 Virginia Avenue

S

city:_Charleston

M

SC_zjp:_29423-8005

__State:

Additional name(s) & address(es)aﬁached?[:] Yes No

4. Application number(s) or patent number(s):

If this document is being filed together with a new application, the
vapgrativ

Method £ Reducl E rom
6/2\. P%tent%fapli;tigﬁ N%(%[(s) ml’(fﬁb%?fﬁ ° —
—

e Emissions Contro
B. Patent No.(s)

execution date of the apfligatiog is: entitled
ystems

Filed 3/1 8/9%

--___--—_-__-__—-—————------—.—_-

Additional numbers attached? [ Jyes [v]Ne

e

concerning document should be mailed:

Name:.____ Terry

Westvaco Corporation

5. Name and address of party to whom correspondence
B. McDaniel

internal Address: . ————————"""" e e—

6. Total number of applications and patents involved: D

7. Total fee (37 CFR 341

Enclosed

p. 0. Box 118005 Authorized to be charged to deposit account
T — ~
. z . ™
‘""‘"’"‘“""""""”“’”"““""" - 8. Deposit account number: ; :;i 2
Street Address:__jgﬁf’_\ﬂgf‘lip‘_\fl‘ii___-_,__ (S S [
23-1160 M .~ &5
‘ w ~
——TTT T oE o
City:_Charleston___State  SC zip; 24238005 = e 3
o
et = ==
DO NOT USE THIS SPACE 0 o
9. Signature.
Terry B. McDanie! May 9, 2002
Name of Person Signing , Date
\ Total numbAf pages including cover sheet, attachments, and docume@i
Mail documpnts to be recorded with required cover sheet information to:
5 / 15 12002 DBM W“ 10100352 Cgmmissioner ofx:;iri\:‘z :,r“f‘rgc.lecr.r\;(r)kzsa.FOx Assignments
| FC2581 5.0 0P
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Express Mail No. EF370311201US
Case Docket No. CHR 2001-79

U. S. Serial (Non—Provisional) No. 10/100,362

ASSIGNMENT

ASS1UR M= —

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 2445 0, 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

ation of the State of Delaware, and having a place of business at

CORPORATION, a corpor -
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

CORPORA’HON, its successors and assigns, all our right, title, and interest in and to said
tion for the United States and all foreign countries, and any Letters Patent

application and inven
to be issued from 2 non-p_rovisional patent application therefor in the United States and
jssioner of Patents is requested to issue such Letters Patent in accordance

elsewhere. The Comm
herewith. And we agree t0 execute further instruments proper for effectuating the premises.

Date: _March 26, 2002 Ladrence H. Hiltzik

; J ie%_Z. Jagiello |

Date: March 26, 2002 ,

S Zmand DT atbn

Edward D. Tolles

sz;t{ak

Mo 2820 RogerS. Willans

Date;_March 26, 2002

Date:
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STATE OF SO

UTH CAROLINA )
) ss:

COUNTY OF CHARLESTON

Laurence H. HiltzIX
the persons descri

ik, Jacek, 7. Jagiello, an!
bed in and who executed

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

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

BEFORE ME, 2 Notary Public in and for said State, personally appeared
d Edward D. Tolles, to me known and known to be

the foregoing instrument, and they duly

acknowledge it 10 be their act and deed.
WITNESS my hand and seal this 26th day of March 2002.
SEAL |
Notary Public o
My Commission expires: F Wn_:? 29 2012
STATE OF VIRGINIA )

St o

Roger S. Williams
the foregoing instrum

SEAL

) sst

Covndr )

BEFORE ME, 2 Notary Public in and for said
ams, to me known and known to be the person

WITNESS my hand and seal this Q 3 day o

ent, and he duly acknowledges

o

State, personally appeared
described in and who executed

it to be his act and deed.

0. Sl

Notary Public
My Commission expires: b-30-0
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EXPRESS MAIL NO. FF370311201US
' Case Docket No. CHR 01-79
Serial No.: 10/1 00,362

File Date: 3/18/02

CERTIFICATE UNDER 37 CER. 1.10(a)

I hereby certify that this coﬁespondence is being deposited with the United States

Postal Service as Express Mail in an envelopé addressed to the Assistant Commissioner for

May 9, 2002 .

%,

Terty cDani
Attorney for the Applicants
Registration No. 28,444

Patents, ‘Washington, DC 20231, 0n
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SEPTEMBER 02, 20 03 Washington. p.C. 20231
PTAS

amesTirCO CRET T AR

THOMA
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UNITED STATES PATENT AND TRADEMARK OFFICE

NOTICE OF RECORDATION OF

THE ENCLOSED DOCUMENT HAS-BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S- PATENT AND TRADEMARK OFFICE. A OMPLETE MICROFILM copy 1S
AVAILABLE AT THE ASSIGNMENT SEARCH rOOM ON THE REEL AND FRAME NUMBER

REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE- THE
TICE REFLECTS THE DATA
F

INFORMATION CONTAINED ON THIS RECORDATION NO

PRESENT IN THE PATENT

ND RRORS O QUESTIONS CONCERNING THIS NOTICE, you

CONTACT THE EMPLOYEE WHOSE NAME APP ARS ON THIS NOTICE AT 703—308—9723.

PLEASE SEND REQUEST FOR CORRECTION TO: .S. PATENT AND OFFICE,
BOX ASSIGNMENTS, cG-4, 1213 JEFFERSON DAVIS HWY,

ASSIGNMENT DIVISION,
SUITE 320, WASHINGTON, D.C. 20231.

RECORDATION DATE: 08/28/2003 REEL/FRAME: 013922/0117
NUMBER OF PAGES: 11

BRIEF: MERGER (SEE DOCUMENT FOR DETAILS) -

ASSIGNOR:
WESTVACO CORPORATION poc DATE: 12/31/2002

ASSIGNEE:
MEADWESTVACO CORPORATION
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PATENT NUMBER * 6616981 1SSUE DATE: 09/09/2003
SERIAL NUMBER* 09573160 FILING DATE: 05/19/2000
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PATENT NUMBER* 1SSUE DATE:
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Docket Number (Optional)
REISSUE APPLICATION: CONSENT OF ASSIGNEE; . .
ST CHR 2001<79 ((relssue)

ATEMENT OF NON-ASSIGNMENT

This is part of the application for a reissue patent pased on the Mpatent identified below.

Name of Patentee(s)
MeadWestvaco Corporation

Patent Number Date Patent issued
6,540,815 April 1, 2003

Title of Invention
Method For Reducing Emission From Evaporative Emission Control Systems

1. Filed herein is a statement under 37 CFR 3.73(b). (Form PTO/SB/S6)

2. D Ownership of the patent is in the inventor(s), and no assignment of the patent is in effect.

One of boxes 1 0f 2 above must be checked. If multiple assignees, complete this form for each assignee. If
box 2 is checked, skip the next entry and go directly to “Name of Assignee’.

The written consent of alt assignees and inventors owning an undivided interest in the original
patent is included in this application for reissue.

The assignee(s) owning an undivided interest in said original patent is/are MeadWestvaco corporation
and the assignee(s) consents to the accompanying application for reissue.

Name of assigneelinventor (if not assigned)

MeadWestvaco Corporation

Date

s‘g"m& prw* Octolar 13, 4005

Typed Wrinted name and title of person signing for assignee (if assigned)

John J. Carrarad
Assistant Secretary

This collection of information is required by 37 CFR 1.172. The information is required to obtain or retain & benefit _by 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. This collection is estimated to take 6 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
i ormation Officer, U.S. Patent and

amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Inf
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. 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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U.S. Patentand Trademark Office; u.s. DEPARTMENT OF COMMERCE

Under the Pagerwork Reduction Act of 1995, N0 persons are required t0 respond 0@ collection of information unless it displays 8 valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Apphcanﬂp atent Owner: MeadWe stvaco Corpox ation

10/100, 362 Marqh 18, 2002
Application No./Patent No.: 6,540,815 Filed/lssue Date: April 1, 2003

Entitled: Method For Reducin issi m Eva orative Emissions Controi Systems
MeadWestvaco Corporation ,a Corgoration
(Name of Assignee) (Type of Assignee, .9 corporation, par\nership. university, govemment agency, etc.)

states that itis:
1. | the assignee Of the entire right, title, and interest; of

2.0 an assignee of less than the entire right, title and interest.
The extent (bY percentage) of its ownership interest is %
in the patent application/patent identified above by virtue of either:

A.[ 1An assignment from the inventor(s) of the patent applicaiionlpatent identified above. The assignment was recorded
in the United States Patent and Trademark Office at Reel , Frame , or for which a copy thereof is
attached.

OR

B.[X1A chain of itle from the inventor(s), of the patent applicationlpatent identified above, to the current assignee as shown
below: L.H. Hiltzik, J.z. Jagiello,

1. From:E .D. Tolles, and R.S-. willia®mg Westvaco COX oration
The document was recorded in the United States patent and Trademark Office at

Reel 12888 , Frame or for which @ copy thereof is attached.

0474

2. From: Wwestvaco Corgoration To: M W
The document was recorded in the United States patent and Trademark Office at
Reel 13922 , Frame 0117 ,or for which a copy thereof is attached.
3. Frol

A

m: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

1 Additional documents in the chain of title are listed on @ supp\emental sheet.
[x] Copies of assignments of other documents in the chain of title are attached.
[NOTE: A separate copy (i.e., the original assignment document of @ true copy of the original document)

must be submitted to Assignment Division in accordance with 37 CFR part 3, if the assignment istobe
recorded in the records of the USPTO. See MPEP 302.08]

The undersign! d (whose title is supplied pelow) is authorized to act on behalf of the assignee.
Oc_ DS!U. (% A00 John J. Carrara

Date rinjed name
(203) 461-7502 EW

Telephone number

assistant secretary

Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain @ penefit by the public which is to file (and by the
ySPTO to process) an application. Confidentiality is govemed by 35 u.sC. 122 and 37 CFR 1.14. This collection is estimated to take 12 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 complete this form and/or suggestions for reducing this burden, should be sent to the Chief |nformation Officer, U.S. Patent
and Trademark Office, U-S. Department of Commerce, pP.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, PO Box 1450, Alexandria, VA 2231341 450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Express Mail No. EF370311201US
Case Docket No. CHR 2001-79

U. S. Serial (Non-Provisional) No. 10/100,362

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 of Delaware, 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—p;ovisional 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 ~=""Lafrence H. Hiltzik
\
| Ta AL
Date: March 26, 2002 . Jakek Z. Jagiello

_ March o © — —

S D lstb

Date: March 26, 2002 v Edward D. Tolles

__March 26, 2002
%‘?A}L\(;mﬁ

Mewaszon Roger . Williams

Date:
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Case Docket No. CHR 2001 -79
U.S. Serial (Non-Provisional) No. 10/100,362

STATE OF SOUTH CAROLINA )
) ss:

COUNTY OF CHARLESTON

BEFORE ME, a Notary Public in and for said State, personally appeared
Laurence H. Hiltzik, Jacek, Z. Jagiello, and Edward D. Tolles, to me known and known to be
the persons described in and who executed the foregoing instrument, and they duly

acknowledge it to be their act and deed.

WITNESS my hand and seal this 26th day of March 2002.

-~

SEAL ' : @ g g
Notary Public -

My Commission expires: ng;z A9 2012

STATE OF VIRGINIA )
' ) ss:

BEFORE ME, a Notary Public in and for said State, personally appeared
Roger S. Williams, to me known and known to be the person described in and who executed
the foregoing instrument, and he duly acknowledges it to be his act and deed.

2% day of 77/147104/ 2002.

- —

WITNESS my hand and seal this

SEAL .
M
| Notary Public
- My Commission expires: b-30-0
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Express Mail No. EU592640451US
Case Docket No. CHR 2001-79 (reissue)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Laurence H. Hiltzik, Jacek Z. Jagiello, Edward D. Tolles, and
Roger S. Williams

Serial No.:  (To be assigned) Group Art Unit: 1754

Filed: October 21, 2003

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

Examiner:  (To be assigned)

-

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

STATEMENT OF STATUS AND SUPPORT FOR ALL CHANGES TO THE CLAIMS
Dear Sir:

The above-described application is an application for reissue of U.S. Patent No.
6,540,815 (the ’815 patent), which issued with process claims 1-30 as originally filed, on
April 1, 2003. This application Was filed, under 35 U.S.C. §251, 10 correct an error in the
’815 patent, which was made without any deceptive intention, where, as 2 result of the error,
the patent may be deemed wholly or partly inoperative Or invalid by reason of the patentee
claiming more or less than he had aright to claim in the patent. The error in the patent arises
out of an error in conduct, which error was made in the preparation of the application which
became the *815 patent.

The specification of the patent discloses a process for sharply reducing diurnal
breathing loss emissions from evaporative emissions control system canisters by the use of
multiple layers, OT stages, of adsorbents. The disclosed and claimed process specifies that on

the fuel source-side of the canister, standard high working capacity carbons ar€ preferred;
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Case Docket No. CHR 2001-79 (reissue)

whereas, on the vent-side, the preferred adsorbent volume exhibits a flat or flattened
adsorbent isotherm on a volumetric basis in addition to certain characteristically desirable
adsorptive properties across broad vapor concentrations, specifically relatively low
incremental capacity at high concentration vapors compared with the fuel source-side
adsorbent volume. (See the Summary of the Invention at col. 3, lines 39-60.)

The discussion of the «“Description of Related Art” beginning at col. 4, line 1 includes
areview of state-of-the art methods and canisters for reducing auto emissions of volatile
organics. It was shown that no prior art document either taught or suggested the method, as
claimed, and/or the canister, as disclosed, to be included in prior art auto emission control
systems. In particular, the prior art canisters taught adsorbents, whether of a single
component or material or of a mixture of materials, of uniform character and properties.
More particularly, review of the prior art canisters using activated carbon as the adsorbent
shows that increased adsorbtion (and retention) of volatile organics from the fuel (whether
emanating from the gas tank or from the engine) to have been achieved by increasing the
activity of the carbon adsorbent. Thus, it was surprising and unexpected t0 find, as did the
applicants of the ’815 patent and the instant reissue application, that providing 2 lower activity
carbon adsorbent in the canister in an after-position (in relation to vapor flow through the
canister) to the higher activity carbon adsorbent therein to effectively reduce the problem of
diurnal bleeding of volatile organics from the emission control system canister.

In light of the applicants’ disclosure in view of the prior art teaching, all of the original
claims (1-30) were allowed and subsequently issued in the *815 patent.

It has now been appreciated that the patentees claimed less than they had aright to

claim in the *815 patent, necessitating the instant application for reissue. Specifically, the

88



Case Docket No. CHR 2001-79 (reissue)

subject matter of the invention of the ’815 patent and the application from which it sprang, as
originally filed, disclosed more than the process as claimed. Throughout the application
disclosure, novel and unobvious elements of the process were disclosed, but went unclaimed.
In particular, the disclosure beginning at col. 9, line 12 through col. 10, line 41, which
discloses a particular embodiment of the improved canister adsorbent configuration in the
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
induction system (new claims 43 - 54). This reissue application is made, under 35 US.C.
§251, for the purpose of claiming such subject matter.

Therefore, newly added claims 31-42 claim the disclosed canister successive (or
sequential) adsorbent orientation as an improvement in an auto emission control system, and
newly added claims 43-54 claim the disclosed embodiment of the canister element of the
subject matter of the invention. Itis respectfully submitted that, for their patentability status
as useful, novel, and unobvious over the prior art, as required in Title 35, U.S. Code, newly
added claims 31-54 are in condition for allowance. Such action by the Examiner is earnestly
solicited.

Respectfally submitted,

Terry B.
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 TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. 6,540,815 B1 Page 1 of 1
DATED : April 1, 2003
INVENTOR(S) :Laurence H. Hiltzik et al.

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 al.

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 of August, 2003

JAMES E. ROGAN
Director of the United States Patent and Trademark Office
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Express Mail No. EU592640451US
Case Docket No. CHR 01-79 (Reissue)

[N THE UNITED STATES PATENT AND TRADEMARK OFFICE

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. 60/335,897

Serial No.: 10/100,362

For: “Method for Reducing Emissions from Evaporative Emissions Control
Systems”

Examiner:

Commissioner for Patents
P. 0. Box 1450
Alexandria, VA 72313-1450

PETITION TO MAKE SPECIAL UNDER 37 C.F.R. §1.102(c)
FOR RESTORATION OR MAINTENANCE OF ENVIRONMENTAL QUALITY
(MPEP §708.02, V)

Dear Sir:

Applicants hereby petition t0 make this application special as being for an invention
which will materially enhance the quality of the environment of mankind by contributing to the

(a)___restoration of one of the basic life-sustaining
natural elements — air, water, Of soil.

(b)_g(_maintenance of one of the basic life-sustaining
natural elements — air, water, Of soil.
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Case Docket No. CHR 01-79 (Reissue)
1. Accompanying material
Accompanying this petition is declaration by
__applicant
_X_applicants’ attorney

explaining how the invention materially contributes to category (a) of (b) set forth above.

2. Fee
In accordance with 37CFR. §1.102(c), no fee is required for this petition.

Respectfully submitted,

Attorney for th Applicants
Registration No. 28,444
October 21, 2003
5255 Virginia Avenue
P. O.Box 118005
Charleston, South Carolina 29423-8005
tel (843) 740-2311
fax (843) 746-8494
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Express Mail No. EU592640451US

o 1 yiill Case Docket No. CHR 01-79 (Reissue)

THE UNITED STATES PATENT AND TRADEMARK OFFICE

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. 60/335,897

Serial No.: 10/100,362 - Patent No. 6,540,815, Issued 4/1/03

For: «“Method for Reducing Emissions from Evaporative Emissions Control
Systems”

Examiner:

Customer Number: 36876

ot ¥

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

DECLARATION IN SUPPORT OF
PETITION TO MAKE SPECIAL UNDER 37 CFR.§ 1.102(c)

Dear Sir:
I, Terry B. McDaniel, Esq., declare as follows:

(1) Taman attomey—of-record for applicants in the above-identified application and,
having drafted the specification and claims thereof, am fully aware of the nature of the invention
thereof and of its significance and, on implementation, of its ability to materially enhance the
quality of the environment and prevent health hazards (which is a basis for granting a petition to
make special under MPEP 708.02, V).

(2) The instant application describes a method for sharply reducing diurnal breathing
loss emissions from automotive gvaporative emissions control systems by providing multiple

layers, or stages, of adsorbents. Evaporation of gasoline from motor vehicle fuel systems isa
major potential source of hydrocarbon air pollution. The automotive industry is challenged to
design engine components and systems 10 contain, as much as possible, the almost one billion
gallons of gasoline evaporated from fuel systems each year in the United States alone. Such
emissions can be controlled by canister systems that employ activated carbon to adsorb and hold

the vapor that evaporates. Recently, regulations have been promulgated that require a change in
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the approach with respect to the way in which vapors must be controlled. Allowable emission
levels from canisters would be reduced to such low levels that the primary source of emitted
vapor, the fuel tank, is no longer the regulatory focus, as current conventional evaporative
emission control appears to have achieved a high efficiency of removal. Rather, the concern
now is actually the hydrocarbon left on the carbon adsorbent itself as a residual “heel” after the
regeneration (purge) step. Such emissions typically occur when a vehicle has been parked and
subjected to diurnal temperature changes Over a period of several days, commonly called
“diurnal breathing losses.” The invention jmproved combination of high working capacity
carbons on the fuel source-side and preferred lower working capacity adsorbent on the vent-side
provides substantially lower diurnal breathing emissions (without a significant loss in working
capacity or increase in flow restriction) comp ared with known adsorbents used in canister

configurations for automotive emissions control systems.

1 declare further that all statements made herein of my own knowledge are tru¢ and that
all statements made on information and belief are believed to be true and, further, that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, OF both, under 18 USC § 1001 and that such false statements
may jeopardize the validity of this document and the application 10 which it relates.

Signed at Charleston, South Carolina, this 21st day of October, 2003.

‘%.échqn;eé

Attorney for the Applicants
Registration No. 28,444

5255 Virginia Avenue

P. O. Box 118005
Charleston, SC 29423-8005
Tel (843) 7 40-2311

Fax (843) 746-8494
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Express Mail No. EU592640451US
Case Docket No. CHR 2001-79 (reissue)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: L. H. Hiltzik, J. Z. Jagiello, E.D. Tolles, R. S. Williams

Serial No.:  (tobe assigned) Group Art Unit: 1724

Filed: October 21, 2003

For: MEeTHOD FOR REDUCING EMISSIONS FrOM EVAPORATIVE EmissioN CONTROL
SYSTEMS

Examiner:  (tobe designated)

Customer No.: 36876

-

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

Dear Sir:

In accordance with 37 C.F.R. 1.56, applicant wishes to call the attention of the
Examiner to the following references:

U.S. PATENT NO. PATENTEE ISSUE DATE
4,677,086 McCue et al. 06/30/87
4,869,739 Kanome et al. 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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Case Docket No. CHR 2001-79 (reissue)

U.S. PATENT NO. PATENTEE ISSUE DATE
5,324,703 McCue et al. 06/28/94
5,337,721 Kasuyu et al. 08/16/94
5,355,861 Arai 10/18/94
5,377,644 Krohm 01/03/95
5,408,976 Reddy 04/25/95
5,416,056 Baker 05/16/95
5,456,236 Wakashiro et al. 10/10/95
5,456,237 Yamazaki et al. 10/10/95
5,460,136 yamazaki et al. 10/24/95
5,477,836 Hyodo et al. 12/26/95
5,482,023 Hunt et al. 01/09/96
5,538,932 Yan et al. 07/23/96
5,564,398 Maeda et al. 10/15/96
5,687,697 Ishikawa 11/18/97
5,691,270 Miller 11/25/97
5,736,481 Miller 04/07/98
5,736,485 Miller 04/07/98
5,863,858 Miller et al. 01/26/99
5,914,294 Park et al. 06/22/99
5,914,457 Ttakura et al. 06/22/99
5,931,141 Chino 08/03/99
5,957,114 Johnson et al. 09/28/99
6,098,601 Reddy 08/08/00
6,136,075 Bragg et al. 10/24/00
6,171,373 Park et al. 01/09/01
6,279,548 Reddy 08/28/01
6,284,705 Park et al. 09/04/01
6,488,748 Yamafuji et al. 12/03/02

OTHER DOCUMENTS

OTHER DUL L Y22

Wwilliams, R. S. and C. R. Clontz. “Impact and Control of Canister Bleed Emissions” Covington,
Virginia, Society of Automotive Engineers, Inc. 2001.

International Publication No. WO 92/01585, (Tennison, Stephen Robert et al.) “Apparatus and
Process For Vapour Recovery,” Publication date February 6,1992.

Japanese Publication No. 10-339218, (Nakano, Masaru et al.) «Treatment Device Of Evaporative
Fuel,” Publication date December 22, 1998.
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European Publication No. EP 1 094 032, (Uchino, Massachi et al.) “Formed Active Carbon and
Process For Producing The Same,” Publication Date April 25, 2001.

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

International Publication No. WO 01/62367, (MacDowall, James Duff et al.) “Process For The
Adsorption Of Organic Vapours From Gas Mixtures Containing Them,” Publication
date August 30, 2001.

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

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

Copies of these references are submitted herewith along with form PTO-1449.

These references are cited as being representative of the state of the art in this area.
All the above cited art have been previously addressed in the earlier prosecution of the U.S. Patent
No. 6,540,815 except the following, which are individually addressed as follows:

U.S. Patent No. 4,869,739 to Kanome et al. teaches a fuel vapor collecting device
comprising: an activated carbon receiving chamber and activated carbon particles contained in the
activated carbon receiving chamber, each of the activated carbon particles containing heat
accumulating solid fillers 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.

U.S. Patent No. 5,238,470 to Tolles et al. teach the chemical activation ofa
carbonaceous material, preferably lignocellulosic material, with a chemical activation agent in a
manner to produce a plastic intermediate product which is densified to effectively 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.
The patentecs teach their product to be a “high activity, high density gas-phase activated carbons
produced are characterized by butane working capacities from above 15 to about g/100 cm’, but do
not even suggest its use in an auto canister in conjunction with an activated carbon of reduced
activation.
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U.S. Patent No. 5,355,861 to Arai teaches an evaporative emission control system
including a canister having an adsorbent accommodating chamber for accommodating an adsorbent
therein, said canister includes: a vapor-liquid separation chamber formed in said canister;

a liquefaction accelerating agent which is fibrous or long strip-shaped and filled in an upper
portion of said vapor-liquid separation chamber; a fuel storage chamber disposed in a lower portion
of said vapor-liquid separation chamber for storing a separated liquid fuel; and said vapor-liquid
separation chamber communicating with said adsorbent accommodating chamber. The patent
disclosure does not teach or suggest the applicants’ claimed invention.

U.S. Patent No. 5,377,644 to Krohm teaches both method and apparatus for
collecting and metering volatile fuel components for an engine, including a container with a
regenerable storage device for collecting volatile fuel components from the fuel store. The storage
device is connected t0 the engine fuel inlet through a metering valve, which is controlled to supply
the previously collected components to optimize engine performance bya controlled feed of the
volatile components into the fuel mixture according to the particular engine operating conditions.
There is no suggestion by the patentee’s disclosure of the applicants’ claimed invention.

U.S. Patent No. 5,482,023 t0 Hunt et al. teaches a cold start fuel control system
including a fuel vapor canister having an interior chamber filled with fuel absorbent material. This
internal chamber of the canister is fluidly connected to the fuel tank. Additionally, a normally
closed shut-off valve is fluidly connected between the canister and ambient air while normally
closed purge valve is fluidly connected in between the interior of the canister and the intake
manifold. There ends the similarity to the applicants’ claimed invention.

U.S. Patent No. 5,687,697 to Ishikawa teaches an apparatus for treating fuel vapor
generated in 2 fuel tank of a vehicle is provided. The apparatus comprises a canister having a vapor
inlet communicating with the tank, a vapor outlet communicating with the engine's air intake
passage by way of a purge line, and an adsorbent. The adsorbent 18 taught to be «“activated carbon
or the like.” In the disclosed configuration the canister is heated and the temperature of the
adsorbent raised. This permits more officient separation of the volatile compounds for separation
from the exhausting gases. Although in system with two tailpipes it is suggested to provide

separate canisters for each tailpipe, there is no suggestion of differing activations of adsorbents
within the same canister. Thus, there is no suggestion of the applicants’ claimed invention.

U.S. Patent No. 5,931,141 to Chino teaches a vapor treatment system incorporated
with an automotive fuel storage tank for a gasoline. The vapor treatment system comprises a vapor
adsorbent canister containing therein vapor adsorbent. The vapor adsorbent is taught to be “an
inorganic vapor adsorbent such as activated carbon of ceramic, Of Organic vapor adsorbent such as
high polymer vapor adsorbent. The vapor adsorbent S is granular, massive or honeycomb-shaped.”
(Of course, activated carbon is organic, not “inorganic.”) Nevertheless, there is no teaching of a

vapor adsorbent canister containing vapor adsorbents of differing activities.
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EP 1094032 to Tennex Corp. teaches 2 formed activated carbon for a fuel vapor
collecting device made by kneading activated powder with clay, a metal powder and/or a metal
oxide powder, and a boron compound and/or a phosphorus compound, forming the mixture and
firing the green body. This does teaching does not suggest the applicants’ claimed invention.

JP 10339218 t0 Tennex Corp. teaches technology similar to EP 1094032 to Tennex
(see above) with an aim to improve fuel adhesive and withdrawal performance. The adsorbent in a
evaporative fuel device (canister) is taught to be active carbons produced by adhering heat
accumulating particles comprising a metal or an inorganic material which has a higher heat transfer
coefficient compared with activated carbon and a high heat capacity. When the heated evaporative
fuel is adsorbed by the activated carbon, the heat generated is transferred to the heat accumulating
particles sO that the temperature rise of the activated carbon is suppressed. By suppressing the
temperature rise of the activated carbon, when the adsorbed compounds are withdrawn by
introducing air upon engine operation, a temperature decline of the activated carbons at such

withdrawal time is also minimized, as the heat reduction occurs primarily in the heat accumulating
particles.

JP 02256989 to Aisan Industries deals more directly with the problem addressed by
the instant inventors/applicants in minimizing the diffusion phenomenon within the adsorbent
material within a canister as an element within an automotive evaporative emission control system.
The applicants of the Japanese published application provide, within the canister, 3 first layer of an
activated carbon having a high adsorption and weak holding force and a second layer of an
activated carbon having a middle adsorption and weak holding force, thereby having little
remaining fuel after purging; thus, suppressing radiation of evaporated fuel to the atmosphere after
leaving the canister under a high temperature. The canister configuration appears similar to that
claimed by applicants, but the mechanism for reduced diurnal bleeding is not taught to be the same.
The applicants’ high activity carbon possess & relatively high holding force, and the suppression of
diurnal bleeding of the evaporated volatile compounds results from the metering effect of the
transference of said compounds from the high activity carbon to the lower activity carbon, before
subsequent release to the atmosphere. Regardless of relevance of materiality, however, itis

respectfully submitted that this reference document is removed as available prior art in denying the
applicants’ petition for patent by the attached Declaration Under 37 CFR. 131(3).

99



Express Mail No. EU592640451US
Case Docket No. CHR 2001-79 (reissue)

As a matter of fact, none of the above citations constitute an admission that the
references are relevant or material to the claims; they are cited only as constituting the closest art of
which the applicant is aware.

Respectfully Submitted,

Attorney for' 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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APPARATUS AND PROCESS FOR VAPOUR R‘ECOVER.Y

The present jinvention relates 1o the recovery of gasoline
vapours from mixtures of gasoline vapour end air.

Gasoline vapour is emitted from motor vehicles powered by
gasoline engines as @ consequence of displacing gasoline vapour from
the fuel tapk during refuelling (refuelling josses). It is also
emitted as 8 conseguence of evaporation from the engine and fuel
system either when the vehicle is in operation Aor_ when standing
after use (diurnal josses) . The emission of gasoline vapour is
considered to be undesirable.

Manufacturers already fit carbon canisters to eliminate the
diurnal losses-and such an arrangement is disclosed for instance in
GB 1 416 336, The carbon adsorbs the vapour emitted when the engine
jg stationary after use. The carbon canister is then regenerated by
drawing air through the canister using th\e vacuumn generated in the
engine inlet manifold so that the gasoline vapour recevered from the
canister is mixed with the normal air/fuel mixture to the engine. o
The vapour .emission when the vehicle is stationery is quite small so
that a canister having @ capacity of about 1 litre {s thought to be
satisfactory. During normal vehicle operation the vapours enitted
are continuously returned to the engine.

Refuelling an almost empty tank involves displacing @ 1erge
amount of gas (corresponding to the volume of the fuel rank if it is
being completely refilled) saturated with gasoline vapour although
this only occurs approximately once every 600 km. This is

equivalent to approximately 150-200 g of vapour for 2 typical
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Furopean car (60 L rank) depending on the composition of the vapour.
There are proposals both in the US and in Europe to im mpose -
legal restrictions OB the amount of gasoline vapour which may be
released into the atmosphere during refueling. One method proposea
to meet such legal requirements is the recycling of the vapour from
the fuel tank connected to the engine back to the storage tanklfroo
which the vehicle is refueled. This however is an expensive o
procedure in view of the compleX equipment needed,hand the work
required at numerous refueling stations, often with udderground
storage tanks. 1t would be desirable to find 2 gimple method of
dealing with the problem by an extension of the use of adsorbeni‘
canisters mounted in vehicles. There is however 2 problem in trying
to eliminate gasoline vapour emission during refuelling by ‘the use
of canisters carried in the vehicle. Although the overall weight of
the gasoline vapour to be adsorbed is quite small the requirement to
trap this during the 2-3 minutes that it takes to £111 a normal
saloon car tank would make it necessary to use as much as 5 litres
of the carbons currently in use. such large quantities of carbon
can not be conveniently be provided in the restr;cted engine
compartment of modern saloon cars.

One approach to reducing the size of the canister 'is to use a
carbon with a high adsorptive capacity. However ve have found that
such carbons are not easily regenerated jn use by drawing air ‘
through the carbon bed. They would adsorb a large quantity of
gasoline vapour ©on the first cycle, but only small quantities
thereafter. The optimum active carbon the adsorption of gasoline
vapours is one which has 2 high pore volune with pores in the small
mesopore range (approx;mately 2 nm diameter). This maximises both
the adsorption capacity of the carbon and the regenerab111ty

resulting in the largest possible working capacity. However the
working capacity for typical gasolines is still 1imited to
approxxmately 5% weight predominahtly by the difficulty of
regenerating the bed.
B 1 416 336 discusses some of the disadvantages of the use of

carbon and proposes to overcome them by replacing the carbon by &
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particulate macroreticular, substanrially non—ionogenic,
water—insoluble polymer having & spec1f1ed surface area, porosity
and average pore diameter. Among the polymers which may be used are
polymers of divinyl benzene.

However we have found that such porous polymers are not
csatisfactory for use as gasoline adsorbents. The porous polymers
have 2 good saturation capacity for gasoline vapour and are easily
regenerated. However the lower molecular weight components of the
gasoline vapour, such as propane and butane, are not held strongly
enough on the polymer and.thus break through the adsorbent bed and
escape into the atmosphere after 8 comparatively short time thereby
restricting +he working capacity of the bed. v

in principle jt is always preferably to prepare an adsorbent
from 2 single pmaterial so as to simplify the manufactdring process.
We have however found that the use of twe different adsorbent
mater;als give sufficiently marked advantages to justify the

increased complexxty

According to the present jnvention 2 canister for attachment to
a vehicle fuel tank, sajd canister comprising 2 body adapted to
receive an adsorbent, and having 2 gas inlet adapted to be connected
to a gasoline storage tank, & gas outlet adapted to be connected t¢
a gasoline engine, and a vent to the atmosphere, is characterised in
that the canister contains a bed of adsorbent polymer and a bed of
carbon arranged such that the vent opens. into the ped of carbon and
the gas jplet and gas outlet open into the bed of adsorbent polymer-

) The present jnvention further’prpvides a motor vehicle with 2
gasoline engine having 2 canister defined as above. o

According t© the present jnvention 28 method of adsorbing
gasoline vapour from ajr comprises passing the mixture of air and
gasoline vapour through & first bed of adsorbent polymer, and then
through 8 bed of adsorbent carbon, and subsequently regenerating the
adsorbent beds by passing 2 stripping 82S first through the bed of
adsorbent carbon and then through the bed of adsorbent polymer.

According 1o another aspect of the present ipv ntion 2 proc sS

for operating @ gasoline engine f 8 motor vehicle comprises passing
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air displaced from the fuel tank vhile refueling the vehicle through B

a first bved of adsorbent polymer, and then through 2 bed of an

adsorbent carbon so as to adsorb high molecular weight components ©of o

the gasoline on the polymer 2nd lower molecular weight componénts of

the gasoline on the carbol; and subsequently operating the engine SO
as to drav air though the bed of adsorbent ‘carbon and then througﬁ
the bed of absorbent polymer before feeding the air to the engine'.

The mixture of air and desorbed gasoline compqx_xents will
generally pe blended will the normal gasoline/air fuel before the
total mixture ijs passed to the engine.

The adsorbent carbon may be any of the conventiona»l active ’
carbons already proposed for use in gasoline engines. However the
use of the carbon in conjunction with the polymer a_dsorbent bed in -
the layered bed canister allows the use of a vider variety of active
carbons where the requirement for the majority of pores to be small
pesopores Gan be relaxed. Using conventional premium European.
gasoline the best results in the layered ped canister have been
obtained with a highly micropofous coconut shell carbon.

Polymers which are suitable adsorbent polymers for gasoline

vapour adsorption are disclosed in GB 1 416 336. This discloses thé

use of -particulate macroreticular, substantially non—iénogenic,
water—insoluble polymers having 2 specific surface area in the rangé-

10 to 10000 mi/g, @ porosity of 25% to ES%, and an average pore

diameter of 2 °¢ to 2000 nm. Among specific polymers which may be

used are those obtained by polyme_rising under macroteticular polymer

producing conditions. The monomer. charge is composed of

ethylenically unsaturated monomer ©F monomers and containing from 2%

to 100% by weight, based on the weight of the charg®, of 1 or more
of divinyl benzene, trivinyl benzene, alkyl vinyl benzenes having
fyrom 1 tO ¢ methyl ©oT ethyl Broups substituted jn the benzene
pucleus, and alkyl divinyl benzenes having from 1to3d methyl or -
ethyl BIOuUPs substituted in the bepzene nucleus.

We believe that the surface area of the polymer is preferably
jn the rangé 200 to 2000 tuz/g, and that the polymer should contain 2

significant volume of pores jn the range 1 nm to 50 nm for
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adsorption purposes, as well es larger pores for gas transfer.

A particula:ly preferred polymer js a copolymer of a mixture
containing 2 major amount of divinyl benzene and a minor amount of
ethyl styxene which is sold under the designation v Ambersorb XAD4"
by Rohm & Haas Inc.

The quantities of adsorbent used will depend on the working
adsorbing capacity of the polymelI, the working adsorbing capacity of
the active carborn, the quantity of gasoline vapour to be adsorbed
petween each regeneration petiod and the time availaﬁle for
regeneration. For use in 2 canister useable in 2@ normal size family
car the total volume of adsorbent may be in the range 500 ml to 5
litres. ’

The optimum amount of the two different adsorbents to be used
will depend op the design of the canister. The designated ratios
refer to the volume of adsorbent between the gasoline vapour inlet
and the Qent to atmosphere. This can be seen by reference. to
gigures 1 and 2. In figure 1 which shows 2 canister with the vapour
inlet (2) in the centre of the bed the polymer:carbon ratio refers
to the volume of adsorbent between the vapour inlet (2) and the vent
to atmosphere (). In the canister shown in figure 2 the ratio
refers 1o the total volume of adsorbent in the canister between the
vapour jnlet (12) and the vent 1O atmosphere (14). The optimum

ratio of polymer to carbon will vary with the type of gasoline tO be

. ysed but may pe in the range 3:7 to 7:3, oF preferably in the range

4:6 to 634, mOTE preferably 4.5:5.5 to 5.5;4.5. _

The relative volumes of the two adsorbents‘may be adjusted to
optimise the peffofmance of the canister system for different types
of gasoline used in different regions of the world. For the higher
volatility fuels typically used in Europe a volume ratio of polymer
to carbon of about 1:1 is preferred. For lower volatility fuels it
is believed that polymer to carbon volume ratios of greater than 1:1
(ie larger relative amounts of polymer) will be desirable.

pepending ©& the desigd of the canisterl and the disposition of
the inlet and vent, the ratios described above may correspond to 2

canister having @ relatively jarge bed of adsorbent polymer and a
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relatively small bed of carbon. However this will not necessarily
correspond to the most efficient use of the adsorbents. h

The invention wiil now be jllustrated with reference to the
drawingsAand the following experiments.

In the drawings:

Figure 1 is & diagramatic cross- -sectional view of one form of 3
gasoline adsorbing canister for use in the present invention, and
Figure 2 is 2 cross—sectional diagramatic view of an alternative
form of gasoline canister according to the inventiﬁn.

Referring to Figure 1 2 cylindrical canister (1) is provided
with a gas inlet (2) extending downwardly into the body of the
canister and opening into the canister through slots at its lower .
end. A vapour outlet (3) is prov:ded at the top of ‘the canister. A
vent (&), V¥ which may allovw air to both enter or leave the canister is
provided at the lower end. A perforated plate (5) is mounted above
springs (6) which serves to urge the plate (5) upwards so 25 to keep
any adsorbent mater1a1 in the npper part of the capister compressed
into its packed state. The upper part of the canister between th '
connection to the vehicle inlet manifold (3) and the vapour inlet
(2) is £illed with a bed ﬁ?) of adsorbent polymer particles. The
jower part of the cenister is filled with two layers. The.upper
layer (1) is of the porous polymeric adsorbent whilst the lowver
layer (8), closest to the atmospheric vent (&) is filled with carbon
adsorbent such that the volume ratio of the volume of bed (1) to bed
(8) is most preferadbly in the ratio 4.5: B 5 to 5.5:4.5. '

in use in a motor vehicle the jnlet (2) is connected by piping
and appropriate valves to the vehicle's fuel tank connected by
piping and appropriate valves to the vehicles fuel tank and to the
vents from the vehicles fuel inlet system and crankcase. The outlet
(3) is connected by piping and an appropriate valve to the engine,
for example it may be connected as & bleed to 2 carburettor. The
vent (&) provides for the inlet or outlet of gas to the outside
air. When the motor vehicle 1is refueled gas displaced from the fuel
tank enters the canister through inlet (2). Outlet (3) can be

closed sO that no air js drawn through it to the engine but this is
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not essential. Gasoline vapour evaporating from the fuel tank will
pass through inlet (2) into the canister. It will initially contact
the absorbent polymer and then diffuse through this into the
adsorbent carbon. When the motor is running air will be drawn in
through the vent (&) and will sweep adsorbed gasoline vapour
components out of the adsorbent carbon. The air will then pass
through the adsorbent polymer to the engine by way of outlet (3) so
regenerating the adsorbent materials in the canister.

Figure 2 shows an alternative design of caniste} for use
particularly jn reducing emissions during the refueling of motor
vehicles. The canister (11) is provided with a gas inlet (12) and a
gas outlet (13) together with a vent (14). These are all provided
at the top of the canister. A metal divider (15) covered with an
asbestos jnsulating sheet (16) divides canister (11) so that an
elongated flow path is provided between the inlet (12)‘and»out1et
(13) on the one hand and the vent. (14) on the other. The canister
is filled with two types of adsorbent material, namely a bed of
adsorbent polymer (17), and 2 similar bed of adsorbent carbon (18).
Wire mesh or perforated plates (19) and glass fibre (20) hold the
adsorbent particles in position.

In use air containing gasoline vapour displaced from a motor
vehicle fuel tank during refueling passes into the canister through
inlet (12) and passes through the bed of adsorbent polymer (17) and
then the bed of adsorbent carbon (18) to the vent (14) through vhich
it is discharged to the stmosphere. When the canister is to be
regenerated the connection to the fuel tank can be closed by 8 valve
{not shown) and.a connection is opened to the-engine through outiet
(13) by which air will be drawn into the canister through vent (14)
so as to displace adsorbed gasoline vapour from the adsorbent
particles and to transport it through outlet (13) to the engine.

in the experiments set out beloV experiments identified'by
number are exanples of the invention and experiments jdentified by
letter are comparative tests not according to the invention.

gggp_ag_asi!e__'f-‘is—‘—ﬁ

Tests were carried out on 2 Volkswagen car supplied fitted with
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a carbon adsorbent canister of the type shown in Figure 1 having 2
capacity of 1.1 litre and filled with a commercial particulate
carbon adsorbent. The engine was subjected to cycles of (a)
running, iD which air vas drawn through the canister into the engine
and (b) standing, in which gasoline vapour from the fuel tank passed
through the canister before air from the tank was vented to the
atmosphere. After use for @ considerable pumber of cycles SO as to
give a fully aged carbon,tests were carried out over six cycles to"
determine the working capacity for gasoline adsorption of the
carbon. This was done by measuring weight increase during the
period of gasoline adsorption. The resuvlt is cshown in the Table.
_C_g_m__u_a_&t_wg

An experiment was carried out as in Comparative Test A except
that the carbon particles were removed from the canister which was

then loaded with a gasoline adsorbing polymer (1.1 litre packed

_volume) which was 2 polymer of divinyl benzene .containing some ethyl

styrene sold under the commercial designation “Ambersorb XADA" .

The working capacity of the polymer was determined as in

Comparative Test A.

Example 1
An experiment was carried out as in Comparative Test B, except

that the lowerl part of the canister connected to the fuel tank and
the air feed to the engine was joaded with the carbon of Test A,‘
whiie the upper part was loaded with the‘adsorbent polymer of Test
p. Both adsorbents were fully aged A

The relative quant1t1es of gasol:ne—adsorbing pclymer and

absorbent carbon were 3:1 by packed volumne.

The working capacity of the mixture was determined 2as the mean
of six cycles of the operation with a standard deviation of 3.54 g.
The result ijs given in the Table.

For comparison 2 predicted value of the working capacity vas
Getermined based on the measured capacities from Tests A and B and

the relative amounts of carbon and polymer used in example 1. The

results are given in Table 1.
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TABLE

EXPERIMENT WORKING CAPACITY

(8)
Test A 20
Test B 22
Example 1 29.2
f£xample 1 21.5
(predicted)

in addition to these tests with typical vehicle canisters, -
jaboratory tests were carried out with the equipment described
below. The two adsorbent beds (1 and 2) were contained in steel
vessels that cauld be sepa;ated and weighed individually after each
adsorption and desorption cycle. Each vessel was 4 cm in diameter
and could hold up to 80 ml of adsorbent held in place between plugs
of glass wool. The tvo beds were contained in a water bath
maintained at s3C. The adsorption cycle was simulated by passing
gasoline vapour, produced by bubbling 83 ml min of nitrogen through
200 ml Eurograde unleaded 95/85 gasoline held at 200C in a water
bath, through the polymer bed and then the carbon bed in series.
The temperature jn the centre of each bed and the total flow from
the second carbon bed was recorded as a function of time. The
composition of the effluent gas was analysed by mass spectrometer.
The adsorption cycle was assumed to be complete when the 29 peak in
the mass spectrometer (mainly due to propane) reached 1 X 1078 unts,
ie partial breakthrough. The gas flow was then stopped and the two

beds vere jsolated and weighed. The two peds were then returned to

the water bath.
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Desorption was carried out by reversing the nitrogen flow
through the two beds. An average flow rate of 485 ml/minutes was
used for @& fixed time of 40 minutes for the desorption cycle. After
the 40 minutes the WO beds were again removed from the water bath
and weighed.

M

Tests C and D (table 2) are pot according to the present
jnvention and show the breakthrough time in mlnutes and the working
capacity in both % weight ‘and gflitre for the tests where. both
vessels contained either 80 ml of the porous polymer, XAD4 (test C)
or 80 mis of 2 typical extrudate active carbon reconmended for use
in evaporative loss canisters (test D).

Examples 2 to 7 U

Examples 2 to 7 (table 2) demostrate the dra&atic'improvements
in both the time to preakthrough and the working capacity when the
first bed is £i1led with 80 ml of the porous polymer, XADL, and the
second bed with 80 ml of activated carbon. In Examples "9 the carbon
is the recommended extrudate active carbon used in comparative test
p. It can be s;en from a comparison of tables 1 and 2 that the
increase in the working capacity compared to’ both “the
polymer/polymer bed and the ;arbon/carbon.beds js almost identical‘
to that found in the vehicle tests whilst the actual working
capacities are slightly higher for the laboratory test probably du
to slight differences in the breakthrough criterion. ‘This
demonstrates the validity of the laborétory test method.

Examples 3 to 7 demonstrate the use of different activated
carbons in the seconé adsorbent bed. These materials were not
selected using the normal criterion for evaporative emission
canister carbons of maximising the small mesopore (2nm) volumé'bﬁt'
were typical microporous active carbons. It can be seen that the

pbest perforance for the dual bed system was achieved with Sutcliffe

" speakman AC610C, 2 highly microporous active carbon. The relative

performance of the activated carbons in the dual bed systenm
correlates better with the saturation butane capacity of the carbons

than the working capacxty vhich are &lso shown in table 2. These
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results demonstrate a second benefit of the dual bed canister,
namely that the carbon component can now be selected to maximise the
butane adsorption capacity without the generally poorerbregéneration
capability of the microporous carbons influencing the working
5 capacity.
Table 2 - Cyclic Performance of Laboratory Test - twin beds

each of 80 ml capacity.

Test| Materials Breakthrough Working Capacity Butane Adsorption

10 time

(minutes) |% veight|g/litre Saturation|Working

%2 weight " g/L

C |XAD4/XAD4 21.8 7.0 27.6 32 98

15 c |aci/acl 26.0 6.8 29.1 33 63
9 |XAD4/AC45 40.5 11.0 W8 | 39 54

3 |xap4/610C 42.2 11.7 46.0 . 34 50

4L |XAD4/GAC616G 38.0 9.2 42.2 30 8l

5 |XAD4/AS IV 36.0 10.9 41.7 33 63

20 6 |xapasus IV 33.0 9.9 37.9 33 75

Comgarative Test E and Examples 7 and 8

The same test conditions as used for tests C end D and Examples
2 to 6 were used in the following examples of a less preferred form.
25 of the present jnvention. In examples 2\to.6 the ratio of polymer
to carbon was -50:50. 1In examples 7 to 8 the volume of adsorbent in
the seccnd bed has béen reduced to 16 ni. The polymer:cafbon

volume fatio'ih tests F and G was 83:17.

30

35
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Table 3
Test Materials Breakthrough Working Capacity
time (minutes) % weight
5
E XAD4/XADS 10.8 5.3
7 ¥ AD4/SS208C 12.5 5.9
8 XAD4/ACYL. 11.6 6.0
10
As the total bed volume has been reduced from 160 mls to 96 mls
the breakthrough times and working capacities in table-3 cannot be'
compared directly with those shown in table 2. '
15
20
25
30
35
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Claims:

1. A canister for attachment to 2 vehicle fuel tank, said canister

comprising & body adapted 1O receive an adsorbent, and having a gas

. inlet adapted to be connected to 2 gasoline storage tank, a gas

outlet adapted to be connected to 2 gasoline engine, and a vent to
the atmosphere, is characterised in that the canister contains a bed
of adsorbent polymer and a bed of carbon arranged such that the vent
opens into the bed of carbon and the gas inlet and gas outlet open |
into the bed of adsorbent polymer.

2. A canister according to claim 1 wherein the volume ratio of
adsorbent between the gasoline vapour inlet and the vent to
atmosphere is in the range 3;7 to 7:3.

3. A canister according to Claim 2 wherein the volume ratio is in
the range 4:5:5.5 to 5.5:4.5.

4. A canister according to claim 1 wherein the canister contains 2

relatively large bed of adsorbent polymer and a relatively small bed

of carbomn.

5. A canister according to 'anyone of the preceding claims wherein
the adsorbent polymer is a particulate macroreticular substantially
non-inorganic, water insoluble polymer having a specific surface
area in the range 10 to 1000 mHg, 2 porosity of 25% to 85%, and an

average pore djameter of 2 nm to 2000 nm.

6. A canister according to any one of the preceding claims wherein
the polymer has 2 surface area in the range 200 to 2000 m2/g and

contains pores in th range 1 to 50 nn.
7. A canister according to any one of the preceding claims wherein

the total volume of adsorbent is in the range 500 ml to 5 litres.
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g. A motor vehicle with 2 gasoline engine equipped with a
canister, vwhich canister js according to any one of the preceding
claims.

8. A method of adsorbing gasoline vapour from air comprises
passing the mixture of air and gasoline vapour through a first
bed of adsorbent polymer, and then through a bed of adsorbent B
carbon, and subsequently regenerating the adsorbent peds by passing -
a stripping Bas first through the bed of adsorbent carbon and then
through the bed of adsorbent polymer. - -
10. A process for operating 2 gasoline engine of a motor vehicle
comprises passing air displaced from the fuel tank while refueling -
the vehicle through & first bed of adsorbent polymer, and then d
through & bed of an adsorbent carbon so as to adsorb high molecular
weight components of the gasoline on the polymer and lower molecular
weight components of the gasoline on the carbon, and subsequently
operating the engine so as to draw air though the bed ogmggspybent.
carbon and then through the bed of absorbent polymer before feeding

the air to the engine.
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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 gvaporative 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 @ 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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(54)  Fuel vapor treatment canister

(57) A fuel vapor treatment canister for controllably
storing and releasing fuel vapor from a fuel tank and the
like of 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
afueltank, and a second openingin communication with
an air intake passage of an engine. The second endwall
has a third opening in communication with the atmos-
phere. The inside space includes first and second cham-

bers. The first chamber is located closer to the first end -
wall than the second chamber. A partition wall is dis-
posed to divide the inside space intothe first and second
chambers. The partition wall structure has an air perme-
ability and a heat insulating ability higher than that of
metal. A first fuel 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 fuel vapor ad-

sorbing material.
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(57)  Afuel vapor treatment canister for controllably
storing and releasing fuel vapor from a fuel tank and the
like of 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
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metal. A first fuel vapor adsorbing material is dispos d
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 fuel vapor ad-
sorbing material.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

{0001} This invention relates to improvements inafuel
vapor treatment canisterwhichis adaptedto temporarily
store therein fuel vapor generatedina fueltank andthe
like and to release the stored fuel vapor at certain tim-
ings 1o 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 ot the Prior At

[0002] Hithero most  automotive vehicles are
equipped with a fuel vapor treatment canister including
fuel vapor adsorbing material (for example, crushed or
granulated activated carbon) storedin a casing. Fuelva-
por generated from 2 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 carricd 1o acombustion device
(for example, combustion chambers of an engine, or 8
combustibles-burning device of avehicie 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. 1t will be un-
derstood that fuel vapor is generated in the fuel tank, for
example, in the following cases:

(a)Whenan automotive vehicle is allowed to stand,
fuel vaporis generated ata nhigh temperature inthe
daytime under @ temperature change between day
and night.

(b) When the vehicle is stopped after its cruising
(panticularly after its high speed cruising), heat of
an engine at @ high temperature is transmitted to
the fueltank or the like. Atthistime, the temperature
of the fuel tank or the like abruptly rises 0 that fuel
vapor is generated in the fuel tank or the like.

{c) When fuel is supplied into the fuel tank, tuel va-
por is generated in the tuel tank.

[0003] A typical example of such a conventional fuel
vapor treatment canister is disclosed in Japanese Pal-
ent Provisional Publication No. 9-112356 and willbe dis-
cussed with reference 10 Fig. 13A.

{0004} The fuel vapor treatment canister 101 includes
a casing 102C. The casing 102C includes & cylindrical
casing body 102 which is provided at its one end with a
tirst end wall 103, and at the other end with a second
end wall 104. The first end wall 103 has a pipe defining
therein a communication opening 1032 which is in com-
munication with the atmospheric. The second end wall
104 has an upper pipe defining therein @ fuel vapor inlet
opening 104a which is in communication with a fueltank
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so that fuel vapor is flown in through the opening 104a.
The second end wall 104 further has alower pipe defin-
ing therein a fuel vapor outlet opening104b which is in
communication with an air intake passage of an intake
systemofan internal combustion engine {not shown) s0
that fuel 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 a plurality of
through-holes (not identified) and has a cylindrical
flange section (not identified) which is fitted 1o the inner
surface of the casing body 102 and in contact with the
second end wall 104 s0 that a space 106 is defined be-
tween the dish-like plate 107 and the second end wall
104. A sheet-like filter 108 tormed of a non-woven tabric
of polyester or a sheet of polyurethane foam is disposed
inside the dish-like plate 107 s0 as 1o be in contact with
the dish-like plate 107.

{oo05] A perforaled plale 110 is disposed inside the
casing body 102 and located adjacent the first end wall
103. Two compression springs 112, 112 are disposed
petween the perforated plate 110 and the first end wall
103 so as 1o define & space 109 inside the casing body
102. Afilter 111 similarto the filter 1081is disposed inside
and in contact with the perforated plate 110. A chamber
or inside space Ra between the filter 108 and the filter
111.The chamber Rais filled with a fuel vapor adsorbing
material Ala and a heat-accumulative material A2a
which is higher in heat conductivity and specific heat
than the fuel vapor-adsorbing material A1a-which are in
a uniformly mixed state.

[0006] In operation, fuel vapor flowing in the canist T
101 through the opening 104a is adsorbed by the fuel
vapor adsorbing material A1a. At this time, the distribu-
tion of concentration of the adsorbed fuel is as shown
in Fig. 13B in which the concentration of the fuel vapor
is gradually saturated from a side near the second end
wall 104 to a side near the first end wall 103. When th
adsorption state has reaches a level at which fuel vapor
is adsorbed by a portion of the fuel vapor adsorbing ma-
terial Ata located near the first end wall 103, fuel vapor
is released in an amount accordingtothe concentration

of the adsorbed fuel vapor at the portion through the

opening 103a. itis to be noted that heatis generated SO’
as 1o raise the temperature of the fuel vapor adsorbing -
material Ala when fuel vapor is adsorbed by the fuel
vapor adsorbing material A1a. A fuel vapor amountc I-
responding to fuel vapor adsorbing ability of the fuel va-
por adsorbing material Ala increases as the tempera-
ture rises. However, the heat generated by the fuel va-
por adsorbing material Ala is absorbed by the heat-ac-
cumulalive material A2a thereby preventing thetemp -
ature of the fuel vapor adsorbing material Ala from ris-
ing. This prevents the fuel vapor amount corresponding
1o 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 102C. Accordingly, atmospheric air
is introduced through the opening 103a 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 Ala is desorbed and sucked through the opening
104b and the air intake passage into the engine 1o be
combusted in the engine.

[0008] As shown in Fig. 14A, during desorption of the
fuel vapor adsorbed by the fuel vapor adsorbing material
A1a after fuel vapor adsorption indicated in Fig. 13B, the
concentration of the absorbed fuel vapor (or afuel vapor
residual level) takes a mode indicated by curves V1
which indicates the case where the fuel vapor adsorbing
material Ala and the heat-accumulative material A2a
are disposed in the chamber Ra. For reference, a curve
v2indicates a case where only the fuel vapor adsorbing
material A1a such as activated carbon Is disposed inthe
chamber Ra.

{0008] Additionally, as shown in Fig. 14B, during ad-
sorption of fuel vapor by the fuel vapor adsorbing mate-
rial A1a after fuel vapor desorption of Fig. 14A, the con-
centration of the absorbed fuel vapor takes & mode in-
dicated by a curve V3 which indicates the case where
the fuel vapor adsorbing material A1a and the heat-ac-
cumulative material A2a are disposed in the chamber
Ra. For reference, a curve V4 indicates a case where
only the fuel vapor adsorbing material Ala such as ac-
tivated carbon is disposed in the chamber Ra. Fig. 14B
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
czse where the fuel vapor adsorbing material A1a and
the heat-accumulative material A2a are disposed in the
chamber Ra as compared with that in the case where
only the fuel vapor adsorbing material A1a is disposed
inthe chamber Ra. This is because, in case that the fuel
vapor adsorbing material Ala and the heat-accumula-
tive material A2a are disposed in the chamber Ra, heat
accumulated in the neat-accumulative material A2a is
transmittedtothe fuel vepor adsorbing material Aladur-
ing desorption of fuel vapor from the fuel vapor adsorb-
ing material A1a, s that the temperature of the fuel va-
por adsorbing material A1a is prevented from lowering
thereby increasing the amount of fuel vapor desorbed
from the fuel vapor adsorbing material Ala.

{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 Ale.
Fig. 14B also reveals that the amount of fuel vapor ad-
sorbed by the fuel vapor adsorbing material A1a at the
respective pogitions in the tlow direction of air and fuel
vepor inthe chamber Riais large inthe cese where the
fuel vapor adsorbing material Ala and the heat-accu-
mulative material A2a are disposed in the chamber R
as compared with that in the case where only the fuel
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vapor adsorbing material Ala is dispos d in the cham-
ber Ra. As a result, the amount of fu | vapor released
from the canister to the atmosphere increases at atime
when the amount of fuel vapor adsorbed by the fuel va-
por adsorbing material Ala is not so large, in the case
where only the fuel vapor adsorbing material Ala 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 A2a are disposed in the
chamber Ra. This is because, in case where only the
fuel vapor adsorbing material Ala is disposed in the
chamber Ra, the temperature of the fuel vapor adsorb-
ing material Ala increases owing to heat generation at
adsorption of fuel vapor to the fuel vapor adsorbing ma-
terial A1a thereby decreasingthe fuel 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 vapor treatment canistef,
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 vaporhasbeen adsorbed inthe fuel
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-
sorbingmaterialis abruptly desorbed from the fuel vapor
adsorbing material. Atthis time, the fue!l vapor adsorbing
material makes its temperature jowering owing to rapid
desorption of fuel vapor from the fuel vapor adsorbing
material; however, the temperature lowering can b
suppressed upon receiving heatreleasedfrom 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 fuel va-
por adsorbing material can be kept high as compared ‘
with a case in which the heat-accumulative materlal
does exist. As a result, 8 large amount of fuel vapor is
abruptly desorbed so as 10 increase the fuel vapor con-
centration of intake air tobe 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-
pons) thereby releasing unburned combustion gas (hy-
drocarbons) into the atmosphere. Japanese Patent Pro-
visional Publication No. 9-112356 discloses also 8 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 { a layer, in whichthe
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two layers are disposed alternate to each other. Sucha
conventional fuel vapor treatment canister aiso provides
the same disadvantages as those in the above-dis-
cussed fuel vapor treatment 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 10
provide an improvediuelvapor {reatmentcanister which
can effectively prevent an engine from becoming disor-
dered and unburned hydrocarbons from being emitted
1o the atmoesphere while increasing its fuel vapor ad-
sorbing ability, thereby totally reducing emission of hy-
drocarbons 10 the atmosphere.

10015} A further object of the present invention is 0~

providean improved fuel vapor treatment canister which
can effectively preventa large amount of fuel vapor from
being abruptly sucked into an engine while increasing
the amount of a fuel vapor adsorbing material disposed
in the canister without enlarging the size of the canister.
{0016} A still further object of the present invention is
1o provide an improved fuel vapor reatment canister
having a fuel vapor adsorption chamber and a heat ac-
cumulationand tuel vapor adsorption chamber, which is
adaptedto prevent heat generated in the fuel vapor ad-
sorption chamber from being transmitted to the heat ac-
cumulation and {uel vapor adsorption chamber thereby
preventing Jowering 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
materialin the heat accumulation and fuel vapor adsorp-
tion chamber.

{0017] An aspect of the present invention residesina
fuel vapor treatment canister comprising @ 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-
municationwith afueltank,anda portion defining a sec-
ond opening in communication with an air intake pas-
sage of an engine. The second end wall has @ portion
defining a third opening in communication with atmos-
phere. The first chamber is Jocated closer to the firstend
wall than the secondchamber. A first fuel vapor adsorb-
ing material is disposedin the first chamber ,while a sec-
ond fuel vapor adsorbing material and a heat-accumu-
\ative material are disposedinthe second chamber. The
heat-accurnulative mate rialis largerin specific heat than
the second fuel vapor adsorbing material.

[ooi8] A second aspect of the present invention re-
cides in a fuel vapor treaiment canister comprising &
casing having first and second end walls between which
an inside space is tormed. The first end wall has a por-
tion detining a first openingin communication with afuel
tank, and a portion defining a second opening in com-
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munication with an air intake passage of anengin .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 inthe second chamber. The heat-accumu-
|ative material is larger in specific heal than the second
fuel vapor adsorbing material.

[oo19)] A third aspect of the present invention resides
in a fuel vapor treatment canister comprising & casing
having first and second end walls between which an in-
side space is tormed. The first end wall has @ portion
defining a first opening in communication with a fuel
1ank, and a portion defining a second opening in com-
munication with an air intake passage of an engine. The
second end wall has @ portion defining @ third opening
in communication with atmosphere. The inside space
includes first and second chambers. The first chamber
is located closer 10 the first end wall than the second
chamber. A partition wall structure is disposed to divide
the inside space into the firstand second chambers. The
partition wall structure has an airpermeability and aheat
insulating ability higher than that of metal. A first fuel
vapor adsorbing material is disposed in the first cham-
per. 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 aspectofthe present inventionresides
in a fuel vapor treatment canister comprising & first cas-
ing having first and second end walls petween which 8
first chamber is formed. The first endwallhas a portion
defining a first opening in communication with & fuel
tank, and a portion defining a second opening. Addition-
ally, a second casingis provided having third and fourth
end walls between which a second chamber is formed.
The third end wall has a portion defining & third opening
in communication with the second opening of the first
casing. The fourth end wall has a portion defining 8
tourth opening in communication with atmosphere. A
first fuel vapor adsorbing materialis disposed inthe first
chamber, while 8 second fuel vapor adsorbing material
and a heal-accurmnulative material are disposed in the
second chamber. The heat-accumulative material is
larger in specific heat than the second fuel vapor ad-
sorbing material.

JEF DESCRIPTION OF THE DRAWINGS

BR

{0021} inthe grawings, like reference numerals des-
ignate like pans and elements throughout all figures, in
which:

Fig. 1Ais @ longitudinal cross-sectional vi W of a
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first embodiment of a fuel vapor treatment canister
according to the present invention;

Fig.1Bis a graph showing the concentration of fuel
vapor adsorbed in the canister of Fig. 1A in terms
of the axial direction positions of 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. 2B s a graph showing the concentration of fuel
vapor adsorbed in the canister of Fig. 2A intems
of the axial direction positions of the canister;
Fig.3isa longitudinal cross-sectional view of athird
embodiment of the fuel vapor treatment canister ac-
cording to the present invention;

Fig.4isa cross-sectional view taken inthe direction
of arrows substantially aiong the line IV-1V of Fig. 3;
Fig.5is a cross-sectional view taken in the direction
of arrows substantially along the line V-V of Fig. 3;
Fig.6is a cross-sectional view taken in the direction
of arrows substantially along the line VI-VI of Fig. §;
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.8isa longitudinal cross-scctional view of afifth
embodiment of the fuelvapor treatment canister ac-
cording to the present invention:

Fig.9isa longitudinai cross-sectional view of 2 sixth
embodiment of the fuel vapor treatment canister ac-
cording to the present invention:

Fig. 10is a longitudinal cross-sectional view of a
seventh embodiment of the fuel vapor treatment
canister according to the present invention;

Fig. 11isa longitudinal cross-sectional view of an
eighth embodiment of the fuel vapor treatment can-
ister according to the present invention;

Fig. 12is a longitudinal cross-sectional view of &
ninth embodiment of the fuel vapor treatment can-
ister according 1o the present invention;

Fig. 13Ais a longitudinal cross-sectional view of a
conventional fuel vapor treatment canister;

Fig. 13B is @ graph showing the concentration of
fuel vapor adsorbed in the canister in terms of the
axial direction positions of the canister of Fig. 13A;
Fig. 14A is @ graph showing the concentration of
tuel vapor adsorbed (or 8 fuel vapor residual level)
in the canister in terms of the axial direction posi-
tions of the canister of Fig. 13A during desorption
of fuel vapor; and

Fig. 14B is 2 graph showing the concentration of
fuel vapor adsorbed in the canister axial direction
positions in the canister of Fig. 13A during adsorp-
tion of fuel vapor.

DETAILED DESCRIPTION OF THE INVENTION

{0022] Referring nowto Fig. 1A of the drawings, afirst
embodiment of an fuel vapor reatment 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
acasing Cformedota 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 (right-side end in Fig. 1A) with a first end
wall 3, 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 3a which 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 of an internal combustion engine (not shown) so
that fuel 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 of the
first and second end walls 3,4 is fixed to the casing 2
py means of vibration-welding. )

[0023] A perforated dish-like plate 7is 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 (notidentified) 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 {formed with the
through-holes) of the dish-like plate 7 and the second
end wall 4. A circular sheet-like filter 8 is formed of non-
woven fabric of polyester and is disposed inside the
dish-like plate 7 so asto bein contact with the main body
section of the dish-like plate 7.

[0024] Acircular perforated plate 10 formed 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 pert orated plate 10 is in contact with the
inner surface of the casing body 2. Two compression
springs 12, 12 are disposed between the perforated
plate 10 and the first end wall 3 so as to define a space
g inside the casing body 2. Afiter 11 similar to the filter
8 is disposed inside and in contact with the perforated
plate 10. A chamber of inside space R petween the filter
8 and the filter 11.The chamber R includes a vapor ad-
sorption chamber R1 and a heat accumulation and va-
por adsorption chamber R2. it will be understood that
the volume of the chamber R2 is smaller than that of h
chamber Ri. '

[0025) The vapor adsorption chamber R1 is filled with
a fuel vapor adsorbing material A1 formed of activated
carbon particles. The heat accumulation and vapor ad-
sorption chamber R2 is filled with @ heat-accumulative
and fuel vapor edsorbing material A which includes &
fuel vapor adsorbing material Al and 8 heat-accumula-
tive material A2 which is higher in heat conductivity and
specific heat than the {uel vapor-adsorbing mat rial A1.
In this embodiment, the fuel vapor adsorbing (granular)
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material A1 and the heat-accumulative (granular) mate-
rial A2 ere respectively formed into circular layers and
located alternate inthe axial direction of the casing body
2 so that the vapor adsorbing material Al is located be-
tween the layers of the heat-accumulative material A2.
Inother words, the heat-accumulative andiuel vaporad-
sorbing material A is constituted of alternate layers of
the fuel vapor adsorbing material At and the heat-ac-
cumulative material AZ. Each of the layers of the fuel
vapor adsorbing material A1 andthe heat-accumulative
material A2 has its periphery in contact with the inner

surface of the casing body 2 and exiends perpendicular -

1o the axis of the casing body 2. Examples of the heat-
accumulative material A2 are aluminum, aluminum al-
loy. ceramic such as alumina, and stainless steel.
{oo26] The perforated plate 10 is pressed lettward in
Fig. 1A by the compression springs 12, 12 seated on
the first end wall 3, and therefore the fuel vapor adsorb-
ing material Al andlhe heat-accumulative material A2
are keptin a tightly filled state under the bias of the conm-
pression springs 12,12, in which the materials A1, A2
are pressed toward the periorated plate 7 atthe 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 for the vehicle to which
the fuel vapor treatment canister 1 is installed.

0027} The manner of operation of the fuel vapor treat-
ment canister 1 will pe discussed.

[0028) Fuel vapor from the fuel tank is flown through
the fuel vapor inlet opening 4a into the space 6 and then
introduced through the dish-like plate 7 and the filter 8
into the vapofr adsorption chamber R1 and the heat ac-
cumulation and vapor adsorption chamber R2 s0 that
fuel vapor is adsorbed by the fuel vapor adsorbing ma-
terial A1. Inthis case, fuel vapor is first adsorbed by the
fuel vapor adsorbing material A1 located at a left-side
(side of the second end wall 4) portion of the chamber
R1 and then gradually adsorbed by the fuel vapor ad-
sorbing material A1 located &t & right-side (side of the
first end wall 3) portion of the chamber R1.

[0029] Accordingly, as shown in Fig. 1B, a saturated
portion (saturated with fuel vapor) of the tuel vapor ad-
sorbing material A1 moves rightward or toward the first
end wall 3 as adsorption of tuel vapor proceeds. More
specifically, al {he initial period of a process of fuel vapor
adsorption, the tuel vapor adsorbing material A1 located
near the firstend wall 3 does not participate 1o {fuel vapor
adsorption; howevet, as the fuel vapor adsorption pro-
ceeds, the fuel vapor adsorbing material A1 gradually
pecomes participant1o fuel vapor adsorption. Whenfuel
vapor reaches the tuel vapor adsorbing material At lo-
czted near the first end wall 3, fuel vapor can be re-
leased to the atmosphere even though the fuel vapor
adsorption is not inasaturatedstate. Then, as fuel vapor
adsorption inthe {uel vapor adsorbing material A1 locat-
ed near the first end wall 3 proceeds, relegse of fuel va-
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10

por {rom the canister 1 gradually increases.

[0030] Within the heat accumulation and vapor ad-
sorption chamber R2, the tuel vapor adsorbing material
A1 andthe heat-accu mulative material A2 are atiernate-
ly located. The heat-accumulative material A2 adsorbs
heat generated from the {uel vapor adsorbing material
A3 during adsorption of fuel vapor by the fuel vapor ad-
sorbing material A2, thereby softening temperature rise
of the fuel vapor adsorbing material A1 itself. This sup-
presses lowering in fuel vapor adsorbing ability of the
fuel vapor adsorbing material Al. Consequently, fuelva-
por which flows in from the side of the second end wall
4 can be effectively absorbed by the fuel vapor adsorb-
ing material A1, thereby preventing fuel vapor {not ad-
sorbed) from being released through the communica-
tion opening 3a 10 the atmosphere.

[0031] Additionally, when {uel vapor is released from
the canister 1 under @ condition where the {uel vapor
has been adsorbed in the fuel vapor adsorbing material
A1 within the vapor adsorption chamber R1 andthe heat
accumulation and vapor adsorption chamber R2, the fu-
el vapor is desorbed fromthe fuel vapor adsorbing ma-
terial A1 under the influence of air flown from the com-
munication opening 3a. Al this time, owing to the heat
releasing action of the heat-accumnulative material A2
within the heat accumulation and vapor adsorption
chamber R2, a temperature lowering of the fuel vapor
adsorbing material A1 due tofuel vapor desorption from
the fuel vapor adsorbing material A1 can be softened of
suppressed. As a result, desorption of ‘tuel vapor ad-
sorbed in the fuel vapor adsorbing material A1 can be
effectively accomplished, sO that a desorption temper-
ature (at which fuel vapor is desorbed from the fuel va-

- por adsorbing material A1) of the fuel vapor adsorbing

material A1 is kept ata high level as compared with 8
case where only the fuel vapor adsorbing material Alis
stored in the chamber R of the canister 1, thus lowering
a vapor residual level (at which fuel vapor remains not-
desorbed in the fuel vapor adsorbing material Al).

[0032] Subsequently, when the thus desorbed fuelva-
por flows toward the second end wall 4, it'passes
through the fuel vapor adsorbing material Al within the
vapor adsorption chamber R1. Here, only fuel vapor ad-

~sorbing material Al is stored in the chamber R1, and

therefore a temperature jowering is made in the fuel va-
por adsorbing material A1 under desorption of tuel vapor
from the fuel vapor adsorbing material A1 thereby in-
creasing a fuel vapor adsorbing ability of the fuel vapor
adsorbing material A1, This maintains a high vapor re-
sidual level, so that abrupt release of adsorbed fuel va-
por cannot be made. It will be understood that abrupt
gesorption of fuel vaporfromthe chamber R2is putiered
during passage of the chamber R1, s0 that a change in
concentration of tuel vaportobe sucked into the engine
can be moderated.’

[0033]) As appreciated from the above, when aircon-
1aining fuel vapor fiows from the side of the second nd
wall 4 to the side of the first end wall 3 s0 that fuel vapor
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is adsorbed in the canister 1, distribution of concentra-
tion of fuet vapor within the chamber R takes a mode
indicated by a curve M1 as shown in Fig. 1B. It wilt 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 3a flows 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 of fuel
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 (Q) 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 whichthe partition wallis formed of a circular and
porous metal, plastic or non-woven sheet. The partition
wall is formed of a material having @ 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 fitter 14
similar to that 8 is disposed in the chamber Rinsuch a
manner that its periphery is in contact with the inner sur-
tace of the casing body 2. The sheet-like filter 14 divides
the chamber R into the vapor adsorption chamber R1
and the heat accumulation and vapor adsorption cham-
per 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 ve-
por adsorption chamber R1 during adsorption of fuet va-
por is difficult 10 be transmitted to the heat accumuiation
and tuel vapor adsorption chamber R2 since the cham-
pers 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
410the side of the firstend wall 1,the temperature within
the chamber R1 is kept lower than that in case of the
tirst embodiment. Consequently, as indicaled by amode
indicated by a curve M3 in Fig. 2B, 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 withinthe cham-
ber R2 adjacent the filter 14 is kept higher than that in
case of the first 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. 2B)in case of th first embod-
iment. It will be understood that the same eflects as
those in the first embodiment can be obtained.

{0037} Figs.3106 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
R1A is formed in communication with the vapor adsorp-
tion chamber R1 and located paraliel 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 casingC of the first embodiment.
The casing C and the casing C1 arelocated paraliel with
each other and have a rectangularcross-section. The
casing C and the casing C1 are fixedly connected with
each other through a connecling wall2c and an endcon-
necting wall 2d. Additionally, the casing body 2 of the
casing C and the casing body 2A of the casing C1 ex-
tend leftward over the end connecting wall 2d to form
an extended section 2e. The cross-sectional area of the
inside space of the casing body 2A is about 2 limes 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 end. wall 4 and the plate 7.
The first and second end walls 3, 4 are respectively fixed
to the casing body 2 and the casingbody 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 @ 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 surface of the extended section 2e. The
fiter 16 is supported by the embossments 19 of the bot-
tom endwall18soas 1o contact with the end connecting
wall 2d. )
[0040] The fue! 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 filledinthe
fuel vapor adsorption chamber R1 defined between the
fiter 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.

[o042] Themanner of operation of the fuel vapor treat-
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ment canister of the third embodiment will be discussed.
{0043} Fuel vapor generated in th fuel tank flows
throughthe 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 vaporis 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.

{0044) In this embodiment, similarly 10 the first em-
podiment. the fuel vapor adsorbing material Al andthe
heal-accumulative material A2 are stored in the heat ac-
cumulation and tuel vapor adsorption chamber R2 lo-
caled adjacent the hirslt end wall 3, and theretore the
same cfiects as 1hose in the first embodiment can be
obtained during agsorption of fuel vapor and during de-
sorplion of luel vapor

10045} Additionally tre total space including the fuel
vepor adsorption chambers R1. R1A s larger than the
space of the heal accumulation and fuel vapor adsorp-
tion chamber R2 storing thc fue! adsorbing material A1
and the heat-accumulative matcrial A2, and therefore
the amount ol the heat-accumulative material A2 is less
while the fuel vapor adsorbing material A1 are more in
the whole chamber B similarly to in the first embodiment.
As aresult, it is made possibie 10 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 a long period of time.
[0046) Fig.7 ilustrates afourth 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 witha 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 pantition wall arrangement S. 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 per!oraled 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 wall21a,21bis
formed with a plurality of openings through which air
pesses. The two filters 14, 14 are located respectively
in contact with the perforated walls 21a, 21bin such a
manner that the air chamber forming member 21 is lo-
cated between the filters 14, 14. In other words, the
chamber R1 andthe chamber R2 are divided by the par-
tition wall arrangement S 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} ina conventional casethat @ 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 3in 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 10 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 10 lower
the fuel vapor retaining ability. As 8 result, fuel vapor
remaining in the fuel vapor adsorbing material Al within
the chamber R1 and the chamber R2 is desorbed and
released through the opening 3a when the amount of
air for gesorbing fuel vapor is insuflicient.

[o048] However, in the fuel vapor treatment canister
of this embodiment, the partition wall arrangement S
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 10 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 lowering i fuel
vapor retaining ability. As a result, fuel vapor remaining
in the fuel vapor adsorbing material A1 within the cham-
per R1 and the chamber R2 canbe prevented from re-
jeasing through the opening 3a of the first end wall 3 in
the event that the amount of air for desorbing fuel vapor
is insufficient.

[0050] Fig. 8 flustrates a fifth embodiment of the fuel
vapor treatment canister 1 according to the present in-
vention, which is similar 1o the first embodiment with th
exception thatthe 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 casingC.
{0051} In this embodiment, thecasingC istormed with
only the fuel vapor adsorption chamber R1 which is de-
fined belween the filter 8 and the filter 11 and filed with
the fuel vapor adsorbing material A1. The casing C2in-
cludes a casing body 2B which is provided with a first
end wall 25 and a second endwall 26. The first end wall
25 is fixed to one (left-side) end of the casing body 2B
and has a pipe defining a communication opening 26a
which is in communication with the opening 32 of the
first end wall 3 of the casing C through 2 pipe 27. The
second end wall 26 is fixed to the other (right-side) end
of the casing body 2B and has a pipe defining 8 com-
munication opening 263 which is in communication with
the aimosphere. 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 2B. 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 fitter 8 are in contact with the inner surface of
the casing body 2B. The heat accumulation and fuel va-
por adsorption chamber R2 is defined between the fifter
8 and the filter 11 and inside the casing body 2B. The
chamber R2 is filled with the fuel vapor adsorbing ma-
terial A1 and the heat-accumuiative material A2 which
are formed into the form of a layer and located alternate
1o each other. ’

[0052] Inoperation, 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 releasingthroughthe 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. Sillustrates a sixth embodiment of the fuel
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 adsomtion 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 permeability. This can prevent heattransmission
from the fuel vapor adsorption chamber R1 to the heat
accumulation and fuel vapor adsorption chamber R2.
Consequently, fuel vapor remaining in the fuel 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, similarly.to
in the fourth embodiment.

[0054) Fig. 10illustrates a seventh embodiment of the
fuel vapor treatment canister 1 according to the present
invention, which is similar to the third embodiment with
the exception that the filtter 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 S used in the fourth embod-
iment.

{0055] Inthis embodiment, the partition wall arrange-
ment S divides the inside space of the casing body 2A
into the fuel vapor adsorption chamber R1 and the heat
accumulationand fuel vapor adsorptionchamber R2. As
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shown, the fuel vapor adsorbing material A1 is filled in
the chamber R1, while the fuel vapor adsorbing material
A1 and the heat-accumulativ material A2 is filled ina
mixed state in the chamber R2. The partition wall ar-
rangement S of this embodiment includes the 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 & 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 21a, 21b are spaced from each other by
the space maintaining member 21c located between
and integral with the perforated walls 21a, 21b. Each
perforated wall 21a, 21b is formed with a plurality of
openings through which air passes. The two filters 14,
14 are located respectively in contact withthe perforated
walls 21a, 21b in such a manner-that the air chamber
forming member 21 is located betweenthe filters 14, 14.
[0056] Accordingly, also in this embodiment, heat
transmission from the fuel 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 Al
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 the 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
Ri.

[0058] Inthis embodiment, the chamber R2 is formed
petween 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
from the fuel vapor adsorption chamber R1Atothe 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 vepor adsorbing material A1 within
the chamber R1A and the chamber R2can be prevented
from releasing through the communication opening 3a
in case that the amount of air for desorbing fuel vapor
is insufficient.

[0060) Fig. 12 illustrates a ninth embodiment of the
fuel vapor treatment canister 1 according to the present
invention, which is similar to 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 R1B
filled with the fuel vapor adsorbing material A1 and
formed in another casing C3 which is independent from
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the casing C.

[0061) Inthis embodiment, thecasingC istormed with
only the fuel vapor adsorption chamber R1B which is
defined between the filter 11 and the filter 16 and filled
with the fuel vapor adsorbing material Al. The casing
C3 is similar 1o the casing 2B 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 oné (ieft-side) end of the cas-
ing body 2C 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 wall 26 is fixed to the other
(right-side) end of the casing body 2C and has a pipe
defining the communication opening 26a which is in
communication with the atmosphere. The periorated
plate 10 and the filter 11 are disposed adjacent the first
end wall 25 in such @ manner as to define the space
between the perforated plate 10 and the first end wall
~25.7The peripheries of the perforated plate 10 and the
filter 11 arein 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 amanner as to define a space between the perfo-
rated plate 7 and the second end wall 26. The peripher-
jes of the perforated plate 7 andthe filter 8 arein contact
with the inner surtace of the casing body 2C. The heat
accumulation and tuel vapor adsorption chamber R2is
defined between the filter & and the filter 11 and filled
with the fuel vapor adsorbing material A and the heat-
accumulative material A2 which areina mixed state.
[0062] In operation, since the casing C defining there-
in the chamber R1B and the casing C3 defining therein
the chamber R2 are provided separate from each other,
heat transmission between the chamber R1B and the
chamber R2 can be prevented. Consequently, fuel va-
por remaining in the fuel vapor adsorbing material Al
within the chamber R1B and the chamber R2 can be
prevented from releasing through the communication
opening 26a in case that the amount of air for desorbing
fuel vapor is insufficient, similarlytointhe fournth 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,
py 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 vaporinlet opening 4a and the fuel
vapor outlet opening 4b are shown and described
as being tormed separatetrom each other, it will be
understoodthata single inlet-outiet opening serving
as the fuel vapor inlet and outlet openings 42, 4b
may be {ormed in place of the separate openings
4a, 4b,in which @ pipe connected to the inlet-outiet
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opening is bifurcated to be connect d to the fuel
tank and the engine &ir intake passage.

(3) While the fiter 14 has been shown and de-
scribed as being used for dividing the inside space
of the casing C into the fuel vapor adsorption cham-
per 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 andthe chamber R2
may be divided by 8 periorated plate disposed be-
tween the chambers R1, R2 or formed integral with
the casing body.

(4) While the tuel 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 nheat accumulation and tuel va-
por adsorption chamber R2 in some embodiments,
it will be appreciated that the materials A1, A2 may
be replaced with 8 heal-accumulative and {uel va-
por adsorbing material prepared by mixing the fuel
vapor adsorbing material A1 and the heat-accumu-
\ative 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 hen by
molding the mixed particles or powders into the
torm 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 pariicles 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 of powder (such as activated
carbon patrticles or powder) with the heat-accumulativ
material particle of powder and binder, and then by
molding the mixed panticles or powders into the honey-
comb shape, so that the fuel vapor adsorbing material
matrix particles or powder and the neat-accumulative
material particle of powder are containedina dispersed
siate 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 tuel 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
adsorplion 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 of fuel vapor in
the canister, the fuel vapor adsorbing material withinthe
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 10 the atmosphere.

[0066] During desorption of fuel vapor in the canister,
in the heal 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-
live matenal in the chamber, so that desorption of fuel
vapor from the fuel vapor adsorbing material can be ef-
fectively carnicd cut thereby iowering the fuel vapor re-
sidual level afiet the fuel vapor desorption. Accordingly,
adsorplion ol fuel vapor at the next operational (adsorp-
tion-desorption) cycle can be ensured. In the fuel vapor
adsorption chamber through which air containing the fu-
el vapor desorbed from the fuel vapor adsorbing mate-
rigl in the heat accumulation and fuel adsorption cham-
ber flows. fucl vapor is desorbed 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 tuel 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 and fue!
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
otherwise 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 in the 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

139

EP 1113 163 A2

15

20

25

30

35

40

45

50

55

12

20

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 adsorbingmaterialinth heat accumulation and fuel
vapor adsorptionchamber. As aresult, even in case that
the amount of air for desorbing fuel vapor from the fuel-
vapor adsorbing material is insufficient, fuel 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] Atthough 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 willoccur to those skilled
in the ant, in light of 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
wall 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. Afuel vapor treaiment canister as claimed in Claim
1, wherein al least one of said first and second fu |
vapor adsorbing materials is granular.

3. Afuelvaportreatment 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 1o each other in
a direction in which fuel vapor flows.

4. Afuelvaportieatment canister as claimed in Claim
3, wherein each of said first and second layers ex-
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8.
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tends perpendicularto an axis of said secondcham-
ber. :

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

A fuel vapor treatment canister as claimed in Claim
1, wherein said heat-accumulative material is at
|east 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 @ portion defining a tirst
openingin communication wilh & 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 openingin communication with at-
mosphere, said inside space including firstand
second chambers, said first chamber being lo-
cated closerto said first end wallthan 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-accumulative material. disposed in said
second chamber, said heat-accumulative ma-
(erial being larger in specific heal 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 fuel tank, and
a portion defininga 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 openingin communication with at-
mosphere, said inside spacé 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 disposedto 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 T, said heat-accumulative ma-
terial being larger in specific heatthan said sec-
ond fuel vapor adsorbing mat rial.

9. Atuelvapor treatment canister comprising:

a first casing having first and second end walls
petween which a first chamber is formed, said
first end wall having & portion defining a first
opening in communication with afueltank, and
a portion defining 8 second opening;

a second casing having third and fourth end
walls between which & second chamber is
formed, said third endwall having 2 portion de-
fining @ third opening in communication with
caid second opening of said first casing, said
tourth end wall having a. portion defining &
fourth 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 &
heat-accumulative material, disposed in said
second chamber, said heat-accumulative ma-
{erialbeing largerin specific heat than said sec-
ond fuel vapor adsorbing material.
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(57) Abstract: The invention is direcied 10 2 process for the adsorption of organic vapours from gas mixtures containing them onto
activated carbon, said process comprising passing the gas mixture consecutively thiough 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
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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 fuel tanks 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 resulted in 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 sy'stenis, 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 1s 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, 1.e. without untimely stopping of the gasoline pump of the
service station. An other alternative is to change the external ¢ rface area to
volume ratio (Sv, with dimension of e.g. m2/m?) of the adsorbent particles by
selecting 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
(hvdrocarbons) 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 ELCD-canister which enablesa
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

{or 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 ﬁrsf 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 Jow 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
systeﬁl.

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

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

example by using smaller particles or other particle shapes.
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The combining of both materials in a regular ELCD-canister ensures

that the best aspects of both options are combined. The high adsorption

~capacity and low pressure drop of the regular carbon is combined with the fast

kinetics of the downstream carbon. Since the carbon with the fast adsorption
kinetics is placed at the outlet of the canister the bleeding of vapour 1S
minimized. Accordingly, the amount of downstream carbon with higher
adsorption kinetics is limited compared to the amount of regular carbon,
thereby minimizing the pressure drop over the complete filter.

In the operation of the present invention there are various
possibilities for the application thereof. In a first, preferred, embodiment, both
adsorbents are placed.in the same canister, either in direct contact with each
other or separated by 2 grid, giving 2 single adsorbent bed, containing two
different adsorbents with different properties as discussed above. It is also
possible to place each adsorbent in a separate canister, the canisters being
mutually connected all the time. Ina ‘third embodiment it 18 possible to place
both adsorbents in separate canisters or sepérate cections of a single canister,
which are connected to each other using valves which allow the gasoline
vapours to enter the second, downstream canister or canister section only
when required.

As indicated above, the present invention is based on the use of two
different adsorbents, the first one being a regular activated carbon. As second
adsorbent it is possible to use activated carbon, but one can also use other
adsorbing materials which can be regenerated by passing the’ air that is used
in the internal combustion engine through the adsorbent. Preferred materials
are activated carbon and zeolites. In case of use of activated carbon as second
adsorbent, it is to be poted that this must have different adsorption kinetics
from the first carbon. This can for example be realized by using the same
activated carbon as in the first adsorbent, but having different surface to
volume ratio, thereby changing the diffusion characteristics of the activated

carbon. One possibility is to make the particle size of the carbon smaller,
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whereas another possibility 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, e.g. activated carbon felts or cloths, or the
use of activated carbon containing fibrous materials, wi.ich 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
1250-7000 m?2/m3, more preferably 2000- 3950 m2/m3 is used. The Sv of the
GAC particles 1s preferably {from 2000-30 000 m?2/m3, more preferably from

3000-12 000 m?/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, more 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
Joss control devices (ELCD-canisters) which are designed to prevent emission
of gasoline and fuel oil vapours caused by "breathing" of gasoline and fuel oil
tanké, 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
containing EAC and GAC particles in ratios 95/5 and 90/10 (according to fhe
invention) and 100/0 and 0/100 (reference), respectively.

Figure 2 shows hydrocarbons emission Vs. outle£ hydrocarbons
concentration, as measured with activated carbon beds containing EAC and
GAC particles in ratios 95/5 and 90/10 (according to the invention) and 100/0

and 0/100 (reference), respectively.

The present invention is now elucidated on the basis of three

examples.

Comparative example
A standard evaporative Joss control device canister, containing

activated carbon, 2 mm/diameter extrudate was used and the emission in the
"three day diurnal test" (US-EPA test procedure) was determined. The

emission value obtained was set as 100%.

Example 1
Using the same method as in the comparative example, the emission

was determined of the same ELCD canister, containing 80% (by weight)
activated carbon, 2 mm/diameter extrudates and 20% by weight grénular
activated carbon (sieve fraction 0.5-2.0 mm), downstream from the extrudate
was used. In the same test procedure as used in the comparative example the
emission was determined. The emission values obtained were 30% of the

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 apparatué, 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 (HC-mix). The composition
of this HC-mix is presented in Table 1.

The contact time in the carbon bed was 75 seconds durmg each
loading step. The total hydrocarbons concentration in the off-gas was
measured every 10 seconds during the complete loading step using a flame
jonisation detector (FID). The loading step was immediately stopped and the
regeneration step was started once the measured FID-signal became higher
than the FID-signal corresponding to 440 ppmv methane. The time required to
reach this signal is taken as the loading time. The hydrocarbons concentration
as measured by the FID is expressed as ppm methane equivalent, indicating
the methane concentration giving the same FID-signal. _ '

Regeneration was always performed in 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 m?/m3. This sieve fraction 1s indicated as granular activated carbon

(GAC) hereafier. A multi-layer carbon bed was created by filling the test tube
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with extruded activated carbon (EAC, having an Sv of 2400 m2/m*) first, after
which an additional layer of GAC was added in such a way that the total
activated carbon bed volume remained unchanged (153 cm?). The ratio
EAC/GAC was varied as follows: 100/0, 95/5; 90/10, 0/100.

After the performance test the pressure drop in air over the carbon
beds described above was measured at \ arious linear flow rates.

By default, each carbon bed was tested for 75 loading and |
regeneration cycles under identical test conditions.

The gasoline working capacity (GWC) 1s defined as the effective
adsorption capacity for hydrocarbons under the mentioned test conditions. The

GWC was calculated for each cycle as follows:

GWC = (Loading Time)* (HC Supplv Rate) [g/100 ml]
1000 « (Carbon Volume)

Due to ageing the GWC usually slight1y> decreases in time. The
results obtained in cycle 75 are assumed to represent the performance after
aging of the carbon and are the most close to a steady state situation in
practise.

The outlet hydrocarbons concentration was registered as a function
of time in order to establish the emitted amount of hydrocarbons during the
loading step of the carbon. These data resulted in the so-called breakthrough
curves for each loading step. BY. integration of the breakthrough curves the
total amount of emitted hydrocarbons was established. |

In Figure 1 the breakthrough curves in cycle 75 are presented for
the various carbon beds described above, containing EAC/GAC in the ratios
100/0, 95/5, 90/10, and 0/100. Figure 1 clearly shows that the hydrocarbons
concentration in the off-gas with EAConlyisata much higher level than that
observed with GAC only, thus resulting in higher total emission values. 1t

follows that the adsorption rate of the GAC particles is higher than the
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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 1n 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 Joading 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
Joading time of the GA_C 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 Figl-l're’ 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 0.579
n-hexane - 0.077
1-hexene 0.050
benzene 0.013
toluene 0.05-3

2.3 di-methylpentane 0.017
iso-octane 0.043
ethylbenzene 0.017
o-xylene 0.014
nonane 0.006
MTBE 0.131

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

amounts of EAC and GAC.
Carbon Bed Composition Loading Time / Loading Time using EAC only
[ratio EAC/GAC] [%]
100/0 100.0
95/5 100.7
90/10 100.4
0/100 196.1

Wim memmmemee )
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Table 3 Pressure drop in &
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PCT/NL01/00146

ir over carbons beds containing different amounts

of EAC and GAC.
Linear Air Flow Rate Pressure Drop in Air [kPa/m]
[cm/sec] EAC/GAC- EAC/GAC-ratio EAC/GAC-ratio
ru 1o 100/0 90/10 0/100

K 0.4 0.5 1.2
15 1.3 1.7 3.1
23 2.4 3.0 5.4
31 3.7 4.6 8.5
38 5.7 6.9 12
46 7.7 9.2 17
54 11 12 21
61 14 17 27
69 17 20 34
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Claims

1. Process for the adsorption of smog-forming hydrocarbon vapours
from fuel gas mixtures containing them onto ac_:tivated_ 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. [y cogese)

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 ﬁrst_adsorption 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 secbnd
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
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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 an adsorbent having a
second adsorption rate for the said organic vapours, the said secbnd adsorption
rate being higher than the said first adsorption rate.

9. Process according to claim 8, wherein the said second adsorption
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
system contains activated carbon.

11. Process accprding to claim 10, wherein the activated carbon in both
adsorption systems is based on the same _material, with different ratio of
external surface to volume.

12. Process according to claims 9-11, 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 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.

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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PROBLEM TO BE SOLVED: To provide a canister
capable of suppressing blow-by of evaporated fuel to the
atmosphere by minimizing a diffusion phenomenon o
within an adsorbing material layer of a canister and
surely adsorbing the flowing evaporated fuel.
SOLUTION: 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.
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DETAILED DESCRIPTION - Hydrocarbon is discharged

through a large canister (1),
and collected to a DBL control canister(2).

Activated carbon 1is filled in the
DBL control canister with the volume of 250-1000CC.

A canister close valve (3)
is connected petween 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 1is fixed with a bolt and a nut (17), or

integrally formed in the large '
canister to prevent from being separated against

impact and vibration. Gas 1s
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 purned with
recycling to the engine by negative pressure of the

engine. ruel efficiency is

improved with regulating exhaust gas.
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Description

[o001] 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 & 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 a fuel system,
such as a fuel tank, once adsorbed onto activated carbon of the fuel vapor coliecting device and, when the engine is
driven to introduce the air, the fuel vapor coliecting device is purged with the air to desorb the fu | vapor, 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 terhperature
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 sofid 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. - - o
[0007] In the practice a treatment for increasing the pbulk density is required for obtaining increased adsormptivity 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 proposed but 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 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 & 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 (B,Og); 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 200-mesh undersize particles in &
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 100-mesh undersize
particles and not more than 40% of 325-mesh undersize particies, particularly 80 to 90% of 100-mesh undersize parti-
cles and 20 to 40% of 325-mesh undersize particles.
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[0001] " This invention relates to formed activated carbon and process for producing the same. More particularly it
relates to formed activated carbon for a fuef vapor collecting device, what is called camster' and a process for produc-
ing the same.

[oo02) An evaporative control system having a fuel vapor collecting device using activated carbon for preventing
fuel vapor from dissipating in the air is known. This system is 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, 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 fi in(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 compnsmg 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 dlspersed in activated car-
bon, the formed activated carbon hardly manifests a sufficiently increased specific heat, fails to have sufflment 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 proposed but 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 object of the present invention Is to provide activated carbon meeting such a demand.
[0009] The present inventors have conducted extensive studies to i 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
filer 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 (herelnafter
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) § 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 hev-

_ 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 (B,O3); the formed activated carbon has an average particle size of 0.5 to 5 mm; the fi iring 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 200-mesh undersize particles in &
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 100-mesh und rsize

particles and not more than 40% of 325-mesh undersize particles, particularly 80 to 90% of 100-mesh undersize parti-
cles and 20 to 40% of 325-mesh undersize particl s.
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[0015] The activated carbon powder for use in the invention usually has a specific surface area of 500 to 2500 m2/g,
preferably 1000 to 2000 m?/g, still preferably 1500 to 2000 m?/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 pum, 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 vapor from 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 of them 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 viewpoint, alumina powder and magnesium oxide powder are the most preferred.
[oo19] Alumina species of alumina powder includes a-alumina, B-alumina, y-alumina, &-alumina, x-alumina, n-alu-
mina, 6-alumina, and x-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 300 pm, particularly from 50 to 150 pm. Too

~ 1arge or too small a particle size of the heat accumulating solid filler tends to impair forming performance only to pro-

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 0.1to 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-
orane; acids, such as boric acids, borinic acid, and boronic acid; esters of these acids; organic boron compounds, such

as boroxine and borazine derivatives having the hydrogen atoms displaced with an alkyl group having 1 to about 20 car- .

bon atoms or an aryl group having € to about 20 carbon atoms; carboran; and diboron trioxide (B203). Preferred of them
are boric acids and B,0g. Boric acids are still preferred. Of boric acids, which Include orthoboric acld, metaboric acid,
and tetraboric acid, orthoboric acid is preferred. The boron compound is preferably used as grou nd to have such a.par-
ticle size distribution comprising about 95% of 100-mesh undersize particies. _

[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 phosphate .and triphos-
phates, with phosphoric acids being preferred. - i : o

[0023] The boron compound and the phosphorus compound have an action of decreasihg 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 to 10 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 resulting 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 means 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 or followed 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

“about 0.5 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
. Formed activated carbon having too small a Kiya crushing strength is 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 1o 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 fali during fuel vapor desorption. If the specific heat Is too low, the effects of adsorption
and desorption are insubstantial. Considering the limited specific heat of the heat accurnulatlng solid filler |ncorporated
the upper limit of the specific heat of the formed activated carbon would be about 0.8 J/kcc. ~
[0033] The specific heat (25°C) can be measured in a usual manner. For example, it is obtained with a Perkln Eimer
DSC?7 equipped with Intracooler 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 ata
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 g in 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 detall 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).

Tii. 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 g.

iv. After the canister was purged under conditions in conformity with the kind of the automobile (with an about
300-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 41°C over 12 hours, and the leak was measured (first
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).

2) n-Butane adsorption
2-1)

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 mU/min for 20 minutes to measure &
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 mi of activated carbon and kept at 25°C.

ii. 100% n-Butane was passed through the column at a rate of 105.4 mi/min for 15 minutes to measured a
saturated adsorption.

iii. Nitrogen gas was passed through the column ata 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)}.

8) Specific heat

A Perkin Elmer DSC7 equipped with Intracooler 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 lald 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 26 formed activated carbon granules having a length of 3to 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 m?/g) was ground in & 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 (1 00-mesh undersize), and 108 parts of aluminum powder (100-mesh
undersize (about 75 to 150 pm); specific heat (25°C): 0.90 J/k + g) in @ 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 peliets 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 particie size: about 150 pm;
specific heat (25°C): 0.77 J/k* g). The physical properties and pertormance 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 a-alumina powder (particle size: 50 to 300 um; average particle size; about 150 pm;

specific heat (25°C):

EP 1 094 032 A1
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[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.

1

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 & 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 t0 0.8 J/k*cc at25°C. .
The formed activated carbon according to claim 1, which has an average particle size of 0.5 to 5 mm.
The formed activated carbon according to any one of claims 1 to 85, 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, (i) 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 or a mixture thereof. : _ e

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
{B,04) 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 & 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.

19.

20.

21,

22,

23.

24,

25,

26.

The formed activated carbon according to claim 15, wherein the meta! oxide powder is alumina powder, magne-
sium oxide powder or a mixture thereof.

The formed activated carbon according to claim 15, wherein the boron compound is boric acid, diboron trioxide
(Bo0g) or a mixture thereof.

The formed activated carbon according to claim 15, which has an average particle size of 0.5 to § mm.
The formed activated carbon according to claim 15, wherein the firing is at 500 to 800°C.

The formed 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. '

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

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 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, formingthe resulting plastic body to prepare a green body, and firing
the green body. ' ' '

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

A process for producing a formed activated carbon éccording to claim 24, wherein the green body is sub]ected to

" arolling treatment, after the forming and before firing.
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. ) ' Application No. Applicant(s)
10/690,298 HILTZIK ET AL.
Office Action Summary Examiner o Art Unit
] Frank M. Lawrence 1724
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 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.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this 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 later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1IX] Responsive to communication(s) filed on 21 October 2003.
2a)[.] This action is FINAL. 2b)[_] This action is non-final.
3)X 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 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)[X Claim(s) 1-54 is/are pending in the application.

43) Of the above clai'm(s) is/are withdrawn from consideration.
5)[X Claim(s) 1-54 is/are allowed.
6)[ ] Claim(s) ___is/are rejected.
7] Claim(s) ____is/are objected to.
8)[L] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[X] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on _____is/are: a)[_] accepted or b)[] 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)[_] 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 for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAll b)[_]Some * ¢)[] None of: '
1.[]] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. __
3.[] 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.

Attachment(s)

1) E] Notice of References Cited (PTO-892) 4) [:] Interview Summary (PTO-413)

2) [ ] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____ .

3) X information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L] Notice of informal Patent Application (PTO-152)

Paper No(s)/Mail Date 6) D Other: .

U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office A?&Q Summary Part of Paper No./Mail Date 0304




Application/Control Number: 10/690,298 Page 2
~ 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 reissue 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 of Reasons 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 C.D. 11, 453 0.G. 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 aré 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 (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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Frank M. Lawrence
Primary Examiner
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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: S 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: |
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 havihg 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.

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

4. (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.

5. (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.

6. (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. '

7. (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.

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

subsequent adsorbent volume are activated carbon derived from materials selected from

- Page2 of 11
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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

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
chem1cal thermal, and combined chemlcal/thennal activation methods.

9. (onglnal) The method of claim 1 wherem 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.

10.  (original): The method of claim 1 wherein the initial adsorbent volume and the
subsecjuent adsorbent volume are porous polymers.

11.  (original): The method of claim 1 wherein the subsecjuent Iadsorbent volume exhibits
adsorption capacities achieved by volumetric dilution.

12.  (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
actlvatlon addition with the adsorbent before formmg into a shaped particle or monolith,
and a combination thereof.

13.  (original): The method of claim 11 w_hérein 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, ahd configured ribbons.

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

15.  (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. . |

16.  (original): The method of claim 12 wherein the non-adsorbing filler is a solid after
processing.

17.  (original): The method of claim 12 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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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 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 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.

19. (original): 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.  (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. _

21. (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.

22.  (original): The method of claim 18 wherein the initial adsorbent volume and the
subseque_nt adsorbent volume are inorganic materials sélected from the group consisting
of zeolites, porous silica, and molecular sieves.

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

24.  (original): The method of claim 18 wherein the subsequent adsorbent volume exhibits

adsorption capacities achieved by volumetric dilution.
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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 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. | | | . B
(original): The method of claim 24 whereiﬁ the volumetric dilution is accomplished by
formihg the adsorbent into hlgh 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, foams, fibers, and screens external to
the adsorbent. |

(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 50A 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 aif induction
system and adapted to consume the fuel, 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
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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 opening and along the air ‘ﬂow 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 portion of the adsorbed fuel vapor but leaving a residue of fuel in the initial
volume, ' ' ' o '
the improVemént 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 bet&een vapor concentrations of 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. .
(previously presented) The system of claim 31 wherein the second volume of vapor
adsorbent material is located outside the canister in a separate subsequént canister.
(previously presented) The system of claim 31 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 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.

4]1.

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 initial volume 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 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 system of claim 36 wherein the volumetric dilution is
accomplished by forming the adsorbent material into.high 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 inert spacer particles, trapped air spaces, foams, and screens
external to the adsorbent. _ :

(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
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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
flow in a path to and through the vent/air opening and along the air flow path in the
canisfer through the initial volume and the purge outlet to the induction system of the
engine, wherein the flow of air removing a portion of the adSOrbed fuel vapor but leaving
a residue of fuel in the initial volume, and wherein at least one subséquent 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 concentrations of 5 vol% and 50 vol% n-butane before routing the [fluid stream
[Jair 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. v | ‘

(previously presented) The canister of claim 43 wherein the second volume of vapor
adsorbent mat¢ria1 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. ' '

(previously presented) The canister of claim 43 wherein the initial volume of vapor
adsorbent material and the subsequent volume of vapor 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 cahister 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
the group 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 inert spacer 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) to place the
claims in proper condition for allowance prior to issuance of the formal Notice of Allowance.

Thus, such correctjon 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 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 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 improper use 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 U.S. Patent No. 6,540,815. Therefore, please find enclosed herewith
the ribbon copy of said U.S. 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 reqiiire_:d fees or credit any overpayment to the

assignee’s Deposit Account No. 23-1160.
Respectfully submitted,
MEADWESTVACO CORPORATION

By 4//@ ) M

/T%r?y B./McDanfel '

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) 740-2311
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- D STATES PA & TRADE OFFICE
2, :
% 7 E\“Q‘# Appl. No. : 10/690,298 Confirmation No.: 2091
RAD Applicants ¢ L. H. Hiltzik, J. Z. Jagiello, E. D. Tolles, and RS, Williams
Filed : October 21, 2003
TC/AU. : 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
SURRENDER OF ORIGINAL LETTERS PATENT

Dear Sir:

Applicant hereby surenders attached U.S. Patent No. 6,540,815 B1, in accordance with
35 U.5.C. 251 and 37 C.F.R. 1.178.
Also attached is an original Certificate of Correction that issued for U.S. Patent No.
6,540,815 BI on August, 26, 2003,
Applicant respectfully requests that attention be made to the corrections set forth in the
Certificate of Correction upon issuance of the reissue application.
Respectfully submitted

MEADWESTVACO CORPORATION

/7 Ters} B. McDagiel '
Atwomey for Applicant
Registration No. 28,444 -

Attachments: Original U.S. Letters Patent No. 6,540,815 B1,
Original Certificate of Correction.

Date April 2, 2004

5255 Virginia Avenue

Post Office Box 118005
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 l of 1
DATED : April 1, 2003
INVENTOR(S) : Laurence H. Hiltzik et al.

Itis 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 al.
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 of August, 2003

JAMES E. ROGAN
Director of the United States Patent and Trademark Office
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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 1.173(¢))
and must be underlined in their entirety (37 CFR 1.173(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

4-§-04
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Sent By: CTC; 8437468494 ; ‘ May-13-04 9:47AM; RE@EWED

GENTRAL FAX CENTER
MAY 1%2004
WL Il
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE (w’ F &g g JA i
App1: 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 (teissue)
Customer No. : 36876
For: : Method For Reducing Emissions From Evaporative Emission Control
Systems

Honorable Commissioner for Patents
P. 0. Box 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/Arguments begin on page 10 of this paper.

PAGE 2/12* RCVD AT 5/13/2004 10:33:49 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 * DNIS:8729306 * CSID:8437468494 DURATION fim-5s):04-22
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Sent By: 'CTC; 8437468494; May-13-04 9:47AM; Page 1 —

Cage 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. 20913 [ [°f /a7 &
U. 8. Serial No. 10/690.298 /"~ |- f

RECEIVED
CENTRAL FAX CENTER

MAY 1 £ 2004

Certificate of Transmission under 37 CFR 1.8

I hereby certify that this correspondence ig being facsimile transmitted to the United
States Patent and Trademark Office

On May 13. 2004 .
Date

7‘4_,&;&&@%)_

Susan C. Harrison
Typed or printed name of person signring Certificate

Note: Each paper must have its own certificate of transmisgion, or this certificate must identify each
subtmitted paper. '

Supplemental Atendment and Response to Office Communication dated April 13, 2004
regarding US Serial No. 10/690,298
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Appl. No. 10/690,298 Case Docket No. CHR 2001-79 (reis
Amdt. Dated May 13, 2004 ¢ o (recissue)

Reply to Office action of April 13, 2004

Amendments to the glaimsi

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.

2, | {original): The method of claﬁn 1 comprising a single subsequent adsorbent volume.
(original): The method of claim 1 comprising multiple subsequent adsorbent volumes,

4. (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.

5. (original): The method of claim 3 wherein the initial adsorbent volume and the
subsequent adsorbent volumes are located within a single automotive evaporative
cmission control canister.

6. (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 tl-fte fuel vapor.

7. (original): The method of claim 3 wherein the initial adsorbent volume and at least one
subsequent adsorbent volume are Jocated in separate canisters that are connected to
permil sequential contact by the fuel vapor.

8. (original): The method of claim 1 wherein the initial adsorbent volume and the
subsequent adsorbent volume are activated carbon derived from materials selected from

Page 2 of 2

PAGE 3/12* RCVD AT 5113/2004 10:33:49 AM [Eaétem Daylight Time]* SVR-USPTO-EFXRF-110* DNIS:8720306* CSID:8437468494* DURATION (mm-55);04-2

228



Sent By: 'CTC; 8437468494 ; May-13-04 9:47AM; Page 4

m&.b&tgﬁfﬁ?’ 2004 Case Docket No. CHR 2001-79 (reissue)

Reply to Office action of April 13, 2004
the group consisting of wood, peat, coal, coconut, lignite, petrolenm pitch, petroleum
cokg, coal tar pitch, fruit pits, nut shells, sawciuét, wood flour, synthetic polymef, and
natural polymer having been activated by a process selected from the group consisting of
chemical, thermal, and comnbined chernical/thermal activation methods.

9. (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.

10.  (original): The method of claim 1 wherein the initial adsorbent volume and the
subsequent adsorbent volume are porous polymers. :

1. (original): The method of claim 1 wherein the subsequent adsorbent volume exhibits
adsorption capacities achieved by volumetric dilution.

12, (original): The method of claim 11 wherein the volumetric ditution 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.

13.  (original): The method of claim 11 wherein the volumetric dilution is accomplished by
forming the adsorbent into high voidage shapcs selected from the group consisting of
stars, hollow cylinders, asterisks, spirals, cylinders, and configured ribbons.

14, (original): The method of claim 11 wherein the volumeiric dilution is accomplished by
forming the adsorbent into a honeycomb or monolith shape. ‘

15.  (original): The method of claim 11 wherein the volumetric dilution is accomplished by
the use of inert spacer particles, trapped air spaces, foamé, fibers, and screens external to
the adsorbent.

16. (original): The method of claim 12 wherein the non-adsorbin ¢ filler is a solid after
processing. ' '

17.  (original): The method of claim 12 wherein the non-adsorbing filler is volatized or
combusted to form voidages liu‘gcr than 50A width within the shaped particle or

monolith,
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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 cempound-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 initia]
adsorbent material is characterized b ¥y an incremental adsorption capacity at 25°C of
greater than 35 g n-butane/I between vapor concentrations of 5 vol% and 50 voi% 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 § vol% and 50 vol% n-butane,
(original): The method of claim 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 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 pilch, 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.
(originel): The method of claim 18 wherein the initial adsorbent volume and the
subsequent adsorbent volurne are inorganic materials selected from the group consisting
of zeolites, porous silica, and molecuiar 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.
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'25.  (original): The method of claim 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 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.  (original): The method of claim 24 whercin the volumetric ditution 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.

27. (original): The method of ¢laim 24 wherein the volumetric dilution is accomplished by
forming the adsorbent into a honeycomb or monolith shape.

28.  (original): The method of claim 24 wherein the volumetric ditution is accomplished by
the use of inert spacer particles, 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 of claim 25 wherein the non-adsorbing filler is volatized or
combusted to form voidages larger than 50A width within the shaped particle or
monolith.

31. {new) In an evaporative emiséio& control gystem for a vehicle comprising, in

combination, a fuel tank for storing a volatile fuel, an engine having an air induction

vapor adsorbent material for témporaril ing and storing fuel vapor from the tank
a conduit for conducting fisel irgnor 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
yent/air opening for venting the canister and for admission of air to the canister during
operation of the engine mductlon system, whggg the canister is defined by a fuel vapor

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
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" volume and the purge outlet to the induction- system of gge engine, the flow of air
removing a portion of the adsorbed fuel vapor but leaying a residue of fuel in the initial

volume ,

the improvement whei-ein at least one ;nbjsgg' uent volume of vapor adsorbent
i rises a olyme of 19 100% of the first volume and is locat

i nd f 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/I-bed between er“concentrgti ons of 5 vol% and 50 vol% n-bytane
before routing the air flow through at least one subsequent volume of vapor
adsorbent material wherein the sgbs_@ucﬁt volume of vapor adsorbent material is -
characterized by an i g[gmgg@! orption capacity al 25°C of less than 35 g n-

butane between vapor concentrations of 5:vol% and SQ vol% n-butane.

32.  (new) Ihe system of claim 31 wherein the s cond volu r adsorbent material is

located outside the canister in a separate s ubwuant canister

33.
the suh_ uent vol r adsorbent matena] are activated carbon derived from

materials select the group consistin ; cat, coal, coconut, 1i

petrolemn pitch, petroleum coke, coal tar pitch, fruit pits, mxj shells, sawdust, wood flour,
mthgtgc polymer, and natural polymer having baen activated by a process selected from
the proup consisting of chenugal, thermal, and cgmbmed chcxmcal/thennal activation

metho.
34, (new) The system of claim 31 wherein the initial volume of vapor adsorbent material and
the subsequent volume of vapor adsorbent material are inorganic materials selected from
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the congisting of zeolites, porous sili | orous alumi illared clays, and

molecular sieves.

35.  (new) The system of glaim 31 wherein the initial volume of vapor adsorbent material and
the subsequent volume of vamr adsorbent material are porous polymers.
36.  (new) The system of claim 31 wherein the subsequeni volume of vapor adsorbent

material exhibits adsorption capacities achieved bx volumetric dilution.
37. (new) The system of claim 36 when:m the volumemc dilution is accomplished by the

¢ group consisting of addmcm with the gcﬁvgtgd carbon raw material prior to actlvatmn,
addition with the adsorhent before forming into & shaped particle or monolith, and a

combination thercof, A
38.  (new) The system of claim 36 wherein the volm'em'c dilution is accomplished by
* forming the adsorbent material into high veidage shapes selected from th
consisting of stars, hollow cylinders, asterisks. sp :i@s, cylinders, and configured ribbons. -
39.  (new) The system of claim 36 wherein the volumetric dilution is accomplished by :
forming the adsorbent into a loneycomb or monolith shape.
40.  (new) The system of claim 36 wherein the volumetric dilution is accomplished by the use

of inert spacer particles, trapped air spaces, fog_x_g , and screens external to the adsorbent.
41.  (new) The system of claim 37 wherein the pon-adsorbing filler is a solid afler processing.

42, (new) The szstem of claim 37 wherein the non-gg sorbing filler is xolatwgg or combusted

43. (new) A canister operative for use in automotive systems for emission control defined by
a canister vapor inlet to mlt a fuel vanor flow pgth through an initial volume of vapor

orbent within a first region of the canist a canister 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 ggg Ih  first region at a canister purge outlet,

for storing _.volatxlc fuel flows through the canister

of an engine induction system. ambient air is caused to flow in a path to and through the
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yent/air opening and along the air flow path in tﬁe canister through the initial volume and
the purge outlet to the induction system of the gme. wherein the flow of air removing a
portion of the adsorbed fug] vapor but leaving a residue of fuel in the initial volume, and
Wherein at least one subseguent volume of vapor adsorbent materjal comprises a volume

of 1% to 100% of the initial vol

greater than 35 g n-but bed between vapor concentrations of 5 vol% and 50 vol% n-

butane before routing the air flow through at least one subsequent volume of vapor

adsorbent material wherein the subsequent volume of vapor adsorbent material is
characterized by an ;‘ggrcmgng 1 adsorption capacity at 25°C.of less than 35 g n-butane
between vapor concentrations of 5 vol% and SO‘VOi% n-butggg

44.  (new) The canister of claim 43 wherein the second volume of vapor adsorbent material is

located outside the canister in a separate subsequent canister,

45, (new) The canister of claim 43 whersin the initial volume of vapor adsorbent material

and the subsequent volume of vapor adsorbent material are activated carbon derived from

cat. coal, coconut, 1i

petrolenm pitch, petroleum ccike_, coal tar pitch, fruit pits, nut shells, sawdust, wood flour,

thetic polymer, and natural polymer having b jvated by a process selected from:
the group consisting of chemical, thermal, and combined chemical/thermal activation
methods.

46. (new) The canister of claim 43 wherein the mggj volume of vapor adsorbent material

and the subsequent volume of vapor adsorbent m_gterig are inorganic materials selected
from the group consisting of Zeolites, porous silica, porous alumina, piltared clays, and

molecular sieves.

47. (new) The canister of claim 43 wherein the initi g volumg of vapor adsortbent maierial
and the subsequent volume of v r ‘ ‘ arc porous polymers.

48. (new) The canister of clgg 43 whgrem the subsggent volume of vapor adsorbent

material exhibits . : : ic dilution.
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49,
50. o im 48 v . et Atteas .
forming the adsorbent materig! into high vbjdagé shapes selected from the group
consisting of stars, hollow cylinders, asterisks, spirals, cylinders, and configured ribbons.
51. (new)Th i im 49 wherei inetric dilution i i
adsorbent formed into a honemg omb or monolith shape.
52.  (new) The cani claim herei netric di
WM@&MWM screens external to the
-~ adsorbent. :
53,  (new) MAMW—L,MMQW
TOC ing.
54,
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REMARKS/ARGUMENTS

Claims 1-54 remain in this application. Claims 1-54 have been allowed in an Office
communication maited March 19, 2()04, wherein the Examiner noted, however, the need for
correction of an informal matter (a typo in claim 43) to place the claims in proper condition for
allowance prior to issuance of the formal Notice of Allowance. Such correction was made ina
response 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 supplementat 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 1.173(¢)) 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 1.173(a), with amendments made in accordance with 37 CFR 1.173(b)
wherein the amendments (i.e., newly added claims) were physically incorporated into the
specification with markings pursuant to 37 CFR 1.1 73(d), wﬁich 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
underlined. Moreover, the numbering of patent claims was presérved in the reissue application,
as filed, according to 37 CFR l.l73(e-). Therefore, the basis of the Examiner’s concemn raised in
the Office 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 of cach claim (“original,""‘currcnﬂy amended,” “previously
presented,” etc.). It is not the mdemt@dhg of the underéigned attorney for the applicants that
underlining of the entire claim is appropriate in a paper ahaending claims already introduced in

the filed application with underlining..
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In the event, howevez, the undersigned attorney is in error, the claims added by the
reissue application filing on October 21, 2003 are submitted herein (as subsequently amended) as
appropriatcly numbered and underlmed, as requested by the Examiner.

Assuming that the claims have been properly présented in this application (and the
original parent application having been earlier submitted), it is respectfully requested 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 May 13, 2004. If the Examiner believes, for any
reason, that further personal wmmuhicaﬁon will expediie the prosecution of this application, the
Examiner is invited to telephone the unidersigned at the fiumber provided.

. No additional fees are believed to be due in connection with the filing of this amendment
and response. Should it be determined that additional febs are due and payable, the
Commissioner is authorized to charge any required fees or eredit any ovcrpaymcnt to the
assignee’s Deposit Account No. 23-1160.

Respectfully submitted,
MBA.DWESTVACO CORPORATION

Registration No. 28,444

Date: May 13, 2004

5255 Virginia Avenue

Post Office Box 118005
Charleston, SC 29423.8005
Telephone (843) 740-2311
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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)

CustomerNo. ~ : = 36876

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

Honorable Commissioner for Patents
P. 0. Box 1450
Alexandria, VA 22313-1450

SUPPLEMENTAL AMENDMENT
Dear Sir:

In response to the Examiner’s voicemail of January 3, 2005, informing of the remaining
requirement of a Supplemental Reissue Declaration, the attached, filled-in and signed (by the
inventors) PTO Form SB-518 is provided herewith,

Applicant respectfully requests that a timely formal Notice of Allowance be issued in this
case. Also, in view of the “special” 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 fces 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. 23-1160.

Respectfully submitted,
Attachment MEADWESTVACO CORPORATION
Date: January 4, 2005
3950 Faber Place Drive g 4] {
Post Office Box 118005 Terry B  MéDaniel
Charleston, SC 29423-8005 Attorney for the Applicant
Telephone (843) 740-2311 Registration No. 28,444
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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 January 4, 2005
Date

Srse O Aoapniaee)

Susan C. Harrison
Typed or printed name of person signing Certificate

i
s

Note: Each paper must have its own certificate of transmission, or this certificate must identify each
submitted paper.

Supplemental Amendment (cover sheet)

PTO/SB/51S (Supplemental Declaration For Reissue Patent Application to Correct “Error” Statement 37
CFR 1.175)

PAGE 1/3* RCVD AT 1/4/2005 4:27:34 PM [Easteul St Ny 1 . 9939
andard |ll|le] SVR:USPTO-EFXRE:1 DNIS:2731161 * CSID:843 740 2335 * DURATION (mm-ss):01-40



*

»Jan 04 05 04:29p Terry B. McDaniel 843.740.2335

. . ,
e . . saw

SUPPLEMENTAL DECLARATION
ts?mmerm - el
PA dpgication Kueter | \0/¢9D, 299
7O CORRECT “ERRORS” STATEMENT Hietas — — 1 tocors te 5067
(37 GFR 1.175) Y
9 e W T
— NSRS T -

Ws hormby deviso Ut

Every 6707 i s patint wikich wao canseied b e Gretont NS SpPCATNR, AN WK (s Nt Cover By b
g-ﬂlmmm‘m%mMmmWM nEnEion sn tha pan of
epplicunt.

mude horois of o\ o/ rus gnd That ol el bl WNeds
rw“zm.::_"hh “‘W““m —~
al wiilst liies sivwemeawm SHG 0 Siiv or mupde 3

mwmnwummwm
1000 ARO WL ausl WItR! futee gluiomanta Moy jeopardize the volldity oF sogilcetion ar atw gstant towisa

——
() Apwtton Aan been Sind tor e umignod brenker .
Py o o Gwnems

Hileeik

V]

— wel (JYlps” |
[ A potinan vux nuan find for s unigned inentor

<

" Govan Name (Srat and mices Y o)) Family Name or Surnomo

Jacek X. Jagiallo

Eagnes ; o | 0/ /0%/2008
T g ) Apation hes teen R or (e urdignas wentyr

Given Nome tiew ena midio fHamy]) Femdy Hame or Sumarm

Lduard pasaad Tolles . :
va| /ot fo—
A petiian tue s Rad for this awened anonkr

" Given Naws (il oast ritid® [¥ arvy)) J Fardy Wora ar Swnerms
wger S. . Villleas -
o | oM owe| 1/4/05"
{0 Asmmemicnmcsere v it mpssvendvovn) am inay Amas o2 01 MOPUTEIS shum VYIS ANRA Of TN SiRelan Berie.

Srlagipn of botumian b ragaires < nfumvien @ wyvied @ R @ Rasuty by P 0D B © T QW Py Pu LEPTO
::.-.-:hn-.Lh %ﬂ;-JﬂggaGGNB-:nuhea==uulb-d=;-===pl |ma=;>¢qkm
indupng getedng. o ot gappud quiittium tont 0 Gn UAFTD Uad el 1;:0 v Ay ST o
o g ol Svw v --—Au.b—-¢nm~7-~~m-u-n~nn L) p— G, Puture

tadawny ONae. 1.5, Depedeont of SCutmum, P.0. Sax (452 el V3 MERTT-4000. 5O 90T G20 OR CONMETID fORES 10 TG
ADCREE3, PEND YO Garrmidgtanar for Bulnme, £.0. Saa 1450, Alsnsndna, VA ERSANHS

lpu-uluﬂﬂm-hunﬂﬁ."b«J‘i.n’ﬂNM”-du&dﬂﬂ-z

PAGE 3/3* RCVD AT 1/4/2005 4:27:34 PM [Eastern Standard Time] * SVR:USPTO-EFXRQ‘IAZ{ * DNIS:2731161 * CSID:843 740 2335 * DURATION (mm-ss):0140



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 . FEB 03 2005
HILTZIK et al. X _

Serial Number: 10/690,298 : PETITION UNDER
Filed: October 21, 2003 : 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.

Colica
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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USplo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

36876 7590 03/02/2005 _ [ EXAMINER j
MEADWESTVACO CORPORATION LAWRENCE JR, FRANK M
REGIONAL OFFICE BUILDING
PO BOX 118005 [ ART UNIT PAPER NUMBER |
CHARLESTON, SC 29423-8005 1724

DATE MAILED: 03/02/2005

[ APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. [ CONFIRMATION NO.
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 I ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE | DATE DUE ]
nonprovisional NO $1400 $0 $1400 06/02/2005

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

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 BE EXTENDED. SEE 35 US.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.

III. All 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
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (703) 7464000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required{).eBlocks 1 through 5 should be completed where
apgropn'ate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlf_ss cor'rtgctegl below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eapers. Each additional paper, such as an assignment or formal drawing, must

36876 7590 03/02/2005 ave its own certificate of mailing or transmission.
MEADWESTVACO CORPORATION Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
REGIONAL OFFICE BUILDING States Postal ?{:rvice with sufficient postage for first class mail in an envelope
PO BOX 118005 addressed to the Mail Sto? ISSUE FEE address above, or being facsimile
CHARLESTON. SC 29423-8005 transmitted to the USPTO (703) 746-4000, on the date indicated below.
{Depositor’s name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
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
I APPLN. TYPE r SMALL ENTITY I ISSUE FEE | PUBLICATION FEE l TOTAL FEE(S) DUE DATE DUE ]
nonprovisional NO $1400 $0 $1400 06/02/2005
[ EXAMINER | ART UNIT | crass-suscLass |
LAWRENCE JR, FRANK M 1724 095-146000
1. Chanfe of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys I
[} Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2
[} "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed. .

Al

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assi&nee 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 CFR 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) : (J Individuat Corporation or other private group entity [ Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
[ 1ssue Fee () A check in the amount of the fee(s) is enclosed.
(J publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
() Advance Order - # of Copies (| The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this fomrs.

5. Change in Entity Status (from status indicated above)
Qa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-a%ply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attomey 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 1.311. The information is re1:1ired to obtain or retain a benefit bz 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. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will varz deﬁendin§ upon the individual case. Any comments on the amount of time you require to complete
this form and/or m:&lgesugns. for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.
Box 1450, Alexandrra, Vlrsglma 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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-85 (Rev. 12/04) Approved for use through 04/30/2007. OMB 0844033  U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



UNITED STATES PATENT AND TRADEMARK QFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450
WWW.USPLO.gov
[ APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. —I
10/690,298 10/21/2003 Laurence H. Hiltzik CHR 2001-79 (REISSUE) 2091
36876 7590 03/02/2005 l EXAMINER l
MEADWESTVACO CORPORATION LAWRENCE JR, FRANK M
REGIONAL OFFICE BUILDING

PO BOX 118005
CHARLESTON, SC 29423-8005

| ART UNIT | PAPER NUMBER |

1724

DATE MAILED: 03/02/2005

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
above-identified reissue application is not eligible for Patent Term Extension or Adjustment under 35 U.S.C. 154(b).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
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.

Page 3 of 3
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Application No. Applicant(s) “~—
. o, 10/690,298 HILTZIK ET AL
NOtlce OfAIIowabIhty Examiner Art Unit
Frank M. Lawrence 1724

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All ctaims 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.

1. [X] This communication is responsive to the amendment filed May 13,_2004.

2. [X] The allowed claim(s) is/are 1-54.
3. X The drawings filed on 21 October 2003 are accepted by the Examiner.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)<(d) or (f).

a)y[d Al b)[J Some* c¢)[J None ofthe:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ___
3. [0 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. [] 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. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) O including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [ to Paper No./Mail Date .

(b) [ 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. (] 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. [J Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [X Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. I Examiner's Amendment/Comment
Paper No./Mail Date
4. [ Examiner's Comment Regarding Requirement for Deposit 8. [ Examiner's Statement of Reasons for Allowance
of Biological Material 9. [] Other .

Frank M. Lawrence
Primary Examiner
Art Unit. 1724

U.S. Patent and Trademark Office
PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mail Date 0404
46
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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 of Reasons 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 (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).

Frank M. Lawrence

Primary Examiner
Art Unit 1724

ﬂ furd Fasrsnce

<-20-04
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Application No. Applicant(s)
Examiner-Initiated Interview Summary 10/69?'298 H'LTZI!( ETAL
Examiner Art Unit
Frank M. Lawrence 1724
All Participants: Status of Application: allowed
(1) Frank M. Lawrence. 3 _ .
(2) Daniel Reece. 4 __ .
Date of Interview: 8 April 2004 Time: 10 am e.t.

Type of Interview:
Telephonic
(] video Conference
[J Personal (Copy given to: [ ] Applicant  [] Applicant's representative)

Exhibit Shown or Demonstrated: [ ] Yes [X No
If Yes, provide a brief description:

Part I.

Rejection(s) discussed:
none

Claims discussed:
none

Prior art documents discussed:
none

Part Il.

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 lil.

X 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.

[ 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 Il above.

(Examiner/SPE Signature) (Applicant/Applicant’s Representative Signature — if appropriate)

U.S. Patent and Trademark Office
PTOL-413B (04-03) Examiner Initiated Interview Summary Paper No. 0404
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Application No. Applicant(s)
Issue Classification 10/690,298 HILTZIK ET AL.
H" "l" II‘ Examiner Art Unit
Frank M. Lawrence 1724

E] Claims renumbered in the same order as presented by applicant | [] CPA [JT.D. [0 R.1.47
_|® _| = _ | ® _ | = _| = _ |l = _ |l ®
g5 Z |5 Z |5 Z |5 2|5 g5 2|5
e 5 I 6 w 5 e 5 (e 5 L 6 (e -O—
[ 1 2| 31 61 91 121 151 181
| 2 32| 32 62 92 122 152 182
2|3 23| 33 63 93 123 153 183
§4 | 4 3¢ | 34 64 94 124 154 184
15 35 | 35 65 95 125 155 185

L [ 6 3 36 66 g6 126 156 186

717 27 | 37 67 97 127 157 187
¢| 8 ¢ | 38 68 98 128 158 188
9] 9 29 | 39 69 99 129 159 189
10 1 10 w0 | 40 70 100 130 160 190
TR g 1 a1 71 101 131 161 191
(] 12 Y-l 42 72 102 132 162 192

12 ] 13 42| 43 73 ] 103 133 163 193

jd | 14 Ly | 44 74 104 134 164 194
(S ] 15 | 45 75 105 135 165 195
L ] 16 (| 46 76 106 136 166 196
7117 +1| 47 77 107 137 167 197

17 | 18 4% | 48 78 108 138 168 198

(9 ] 19 yq | 49 79 109 139 169 199

28| 20 s0] 50 80 110 140 170 200
{ {21 €1 | 51 81 111 141 171 201
% 22 ) | 52 82 112 142 172 202
23 3] 53 83 113 143 173 203

~ | 24 <y | 54 84 114 144 174 204
~ | 25 55 85 115 145 175 205
2k | 26 56 86 116 146 176 206
27 ] 27 57 87 117 147 177 207
2K 28 58 88 118 148 178 208
129 | 29 59 89 119 149 179 209
2() | 30 60 90 250120 150 180 210

U.S. Patent and Trademark Office Part of Paper No. 0404



Search Notes Application No. Applicant(s)
10/690,298 HILTZIK ET AL.
S —
Frank M. Lawrence 1724
SEARCHED (INCLUDI?\I%Agg:R"(I:?ITSE‘l?RATEGY)
Class Subclass Date Examiner DATE EXMR
95 ;’1‘_2 3-17-09 trendor Searthy 3-17-04
148 _ PG'M/;/ KQS, Jeruend / /s
900-903 |
6 (132 | | | WIRES 009 | AL
133
147
502 |4/6
/123 |518 | |
519 F/4

Seashn |uploded | 520-04| fE

INTERFERENCE SEARCHED

Class Subclass Date Examiner

a\\  |doove [S20-0% | K/

U.S. Patent and Trademark Office Part of Paper No. 0304
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Application Number

I I

Application No.
10/690,298

Applicant(s)
Hiltzik et al

Notice of Reissue Published in OG on 1/6/04

Original Patent Number of Patent To Be Reissued is 6,540,815

The Maintenance fee status is:

(] up to date.
X not required.

This reissue patent is subject to A Terminal Disclaimer that:

[] was filed during the prosecution of the reissue application.
[] was of record prior to the filing of the reissue application.

Xl was made.

[ is not required

Physical surrender of the letters patent

[] was not made, but a statement of losslinaccessibility was provided.

U.S. Patent and Trademark Office

' Final SPRE Revi

CsST™

(INITIALS)

2/22/0 &

(DATE)
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Mar“iJS 0S 038:54a Terry B. McDaniel 843.740.2335 p.1
AY

e PART B - FEE(S) TRANSMITTAL /
Complete and send this form, together with applicable fee(s), to: Mail  Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax  (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if ncquirch.eBlocks ! through 5 should be completed where
appropriate. All further correspondence inchiding the Patent, advance orders and notification of mainte fees will be mailed to the current correspondence address as
in&r;ted unless comrected below ar directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "!?EE ADDRESS” for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Usc Block | for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal, This certificate cannot be used for any other accompanying
E:.pcr_s. Each additional paper, such as an assignment or formal drawing, must
ve its own certificate of mailing or transmission.

36876 7590 03/02/2005
MEADWESTVACO CORPORATIO n o Cmifg:ate of Mailing or Transmission .
. i i Transmittal is bei ited with the Uni
REGIONAL OFFICE BUILDING Sta?;: ots::z;]h crvi?e w?th s:cient po;gagcl?or ﬁtmﬁdﬁ; an envgrﬁ:;e
PO BOX 118005 addressed to the Mail Sto? ISSUE FEE address above, or being facsimile
CHAR.LESTON, SC 29423-8005 transmitted to the USPTO ( 0‘3) 7464000, on the date indicated below,

i 03/09/2005 MGEBREM2 00000006 231160 10690298 Susan C. Harri son, {Depositac's same)
01 FC21501 1400.00 DA —74%44‘&%*‘“3 Som
02 FC:8001 30.00 DA arch 8, 2005 (©ate)

[ APPLICATION NO. | FILING DATE ] FIRST NAMED INVENTOR ; ATTORNEY DOCKET NO. ] CONFIRMATION NO. ]
107690,298 102172003 Laurence H. Hiltzik CHR 2001-79 (REISSUE) 2091

TITLE OF INVENTION: METHOD FOR REDUCING EMISSIONS FROM EVAPORATIVE EMISSIONS CONTROL SYSTEMS

| APPLN, TYPE | SMALL ENTITY [ I1SSUE FEE ] PUBLICATION FEE | TOTAL FEE(S) DUE ] DATE DUE ]
nonprovisional NO $1400 30 $1400 06/02/2005
l EXAMINER l ART UNIT [ CLASS-SUBCLASS |
LAWRENCE JR, FRANK M 1724 095-146000

mﬁj«]‘)’f correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list

1. Ch
CFR 1 .
1) the names of up to 3 repistered patent attorneys
Q Chan§c of corrcg)ondwoc address (or Change of Correspondence gr agents OR, altcnl:utivcly, pat <

| Terry B. McDaniel

ddress form PTO/SB/122) attached. (2) the name of a single firm (having as a bera 2 Daniel B. Reece IV
L3 "Fee Address” indication (or "Fcc Address” Indication form registered attomey or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer | 2 registered patent attoncys or agents. If noname is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordzation as set forth in 37 3.11. Completion of thig 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 assignce catcgory or catcgories (will not be printed on the patent) : Q Individual x_}i Corporation or vther private group cntity Q Government

4a, The following fee(s) are enclosed: 4b. Payment of Fee(s): $1430.00 by Deposlt Account
(3 1sspe Fee 03 A check in the amount of the fee(s) is enclosed.
 publication Fee (No sinall entity discount permitted) ] Payment by credit card. Form PTO-2038 is attached.
(3 Advance Order - #of Copies 10 soft copies @ The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number__23-1160 (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ja. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ob. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)X2).

The Director of the USPTQ is requested to a¥ply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attomey or agent; or the assignee or other party in
interest as shown by the rcco_r{b of the United States Patent and Trademark Office.

/
Authorized Signature ) Date March 8, 2005

Typed orprinted name ___ Texry B. McDaniel Registration No. 28,444
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