(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

\

=

13 December 2012 (13.12.2012)

WIPOIPCT

(10) International Publication Number

WO 2012/170769 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

International Patent Classification:
B65D 81/26 (2006.01)

International Application Number:
PCT/US2012/041480

International Filing Date:

8 June 2012 (08.06.2012)
Filing Language: English
Publication Language: English
Priority Data:
61/494,921 9 June 2011 (09.06.2011) US

Applicant (for all designated States except US): INTER-
NATIONAL ENGINE INTELLECTUAL PROPERTY
COMPANY, LLC [US/US]; 2701 Navistar Drive, Lisle,
linois 60532 (US).

Inventor; and

Inventor/Applicant (for US only): TUNELL, John, Nel-
son [US/US]; 1822 Juniper Lane, Greenwood, Indiana
46143 (US).

Agent: BACH, Mark, C.; 2701 Navistar Road, Lisle,
Ilinois 60532 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(84)

DZ, EC, EE, EG, ES, FI, GB, GD, GF, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

(54) Title: METHOD FOR FILLING AN AMMONIA CARTRIDGE

% FULL {GOAL 10lbs)

1209

100%

98% 100%

80%

N

50% 59%

N\

N

A40%

20%

%

@8

I

N

8 %FULL

wo 2012/170769 A1 [N I 000 00O N 0 O

N\

N\
-

N
<

DI

-

o L%, . ) ) v T
0.00 1.00 2.00 3.00 4.00 .00 .00 6.20

HOURS

FIG. 1

(57) Abstract: A method for filling a cartridge with ammonia (NH3) that is used to treat nitrogen oxides in exhaust gas that are cre -
ated by the internal combustion of fossil fuels. The method includes supplying a predetermined amount of vapor NH3 to an inner re-
gion of the cartridge. An absorption material in the cartridge absorbs the vapor NH, during which time the absorption material gen-
erally begins to solidify together. After a substantial portion of the absorption material has solidified together, the supply of NH; va-
por may be discontinued. The filling process of the cartridge may then be completed by supplying the cartridge with liquid NH ;. The
solidification of the absorption material before the supply of the liquid NH3z may assist in preventing damage to the cartridge typic-
ally caused by the elevated temperatures and associated forces generated when the absorption material absorbs NHs.
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METHOD FOR FILLING AN AMMONIA CARTRIDGE

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
61,494,921, filed June 9, 2011, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Combustion engines may employ emission controls or systems that are configured
to reduce the amount of nitrogen oxides (NOx), such as nitrogen dioxide, present in the engine’s
exhaust gas. One aspect of controlling such emissions includes injecting ammonia (NH3) into an
exhaust gas that is generated by the combustion of a fossil fuel, such as, for example, diesel fuel,
petroleum, and gasoline. The NH; may be injected into the exhaust gas in dosing amounts or
rates for converting NOx in the exhaust gas into at least nitrogen. NH; used in the conversion of
NOx may be stored in, and supplied from, a cartridge. An engine control unit or module may
control the release of the NH; from the cartridge and into the exhaust stream. However, over
time, and through usage, the quantity of NHj stored in the cartridge is depleted, which eventually
requires that the cartridge be replaced and/or refilled. However, filling a cartridge with NH; can

be time consuming and expensive.

[0003] Typically, an inner region of the cartridge includes an absorption material that
absorbs the NH3, such as, for example, a compacted or compressed powder, including strontium
chloride (SrCl,), among others. However, the absorption of NHj3 by strontium chloride results in
an exothermic reaction, which produces a significant amount of heat in the cartridge.
Accordingly, when liquid NH3 is introduced into a cartridge that has a relatively large quantity
the strontium chloride that is in a condition to react with the NHs, the temperatures and forces
generated by the exothermic reaction can cause the cartridge to swell and/or deform.
Accordingly, expensive measures are typically taken to significantly cool the exterior of the

cartridge while also using fixtures that resist deformation of the cartridge.
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[0004] To avoid damage to the cartridge created by the heat generated during the above-
mentioned exothermic reaction, NHj is typically supplied to the cartridge as a vapor. By
providing NH3 as a vapor, the NH; may be more gradually introduced into the cartridge than
would typically be achieved if the NH; were supplied in a liquid state. Additionally, the NH;
vapor may encounter strontium chloride that is available to absorb the NHj at a slower rate.
Thus, the use of NH; vapor limits the elevated temperature and forces inside the cartridge due to

the exothermic reactions that may otherwise damage the cartridge.

[0005] Using NH; vapor to fill such cartridges typically takes a relatively long time, and
thus can be costly. Further, over time, the strontium chloride that remains available to absorb
NH; may be located at positions that are more difficult, or require more time, for the vapor NHj
to reach. For example, Figure 1 illustrates a chart for the amount of time necessary to fill a 35
pound cartridge having strontium chloride with about 10 pounds of useable NH; using NHj
vapor and minimal cartridge cooling. As shown, during the first three hours, the strontium
chloride absorbs approximately 75% of the desired weight of useable NH3, or approximately 7.5
pounds. However, filling the cartridge with the remaining 25%, or 2.5 pounds, of NH; requires
approximately an additional 3.8 hours. Such delay may be at least partially attributable to the
slow time it takes vapor NHj; to reach areas or pockets in the cartridge, such as areas against a

wall of the cartridge, that contain strontium chloride that is still able to absorb NH3j.

[0006] Figure 2 illustrates a similar result for re-filling two cartridges containing
strontium chloride, which may already have some residual NH3, with approximately 10 pounds
of NHs. The cartridges in this example have initial weights of 27.87 and 28.12 pounds,
respectively.  As shown, approximately 75% of the weight gain in the cartridge from the
absorption of NH; occurs during the approximately the first 3.5 hours, with the re-filling of the

remaining 25% of NHj; taking another approximately 3.5 hours.
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SUMMARY

An aspect of the illustrated embodiment is a method for filling a cartridge with ammonia
used to treat NOx in engine exhaust. The method includes supplying an inner region of the
cartridge with a vapor NHj3 until a predetermined level of the vapor NH3 has been absorbed by an
absorption material in the cartridge. The method also includes supplying the inner region of the
cartridge with a liquid NHs until a predetermined level of liquid NH; has been supplied to the
cartridge.

[0007] Another aspect of the illustrated embodiment is a method for filling a cartridge
with ammonia used to treat NOx in engine exhaust that includes supplying an inner region of the
cartridge with a vapor NH; until a predetermined amount of the vapor NH3 has been supplied to
the cartridge. The method further includes, subsequent to the supply of the predetermined level
of vapor NH3, supplying the inner region the cartridge with a liquid NH3 until a predetermined
amount of NH; has been supplied to the cartridge.

[0008] A further aspect of the illustrated embodiment is method for filling a cartridge
with ammonia used to treat NOx in engine exhaust that includes Initiating a supply of
substantially NH; vapor to an inner region of the cartridge. The method also includes
determining the amount of NH; vapor that has been supplied to the cartridge or absorbed by the
absorption material. Further, the supply of NH; vapor to the cartridge is discontinued after a
predetermined amount of NHj3 vapor has been supplied to the cartridge or absorbed by the
absorption material in the cartridge. A vacuum is also pulled in the cartridge to provide a
negative pressure in the cartridge that will assist in later supplying liquid NH3 to the cartridge.
The method further includes initiating a supply of substantially liquid NH; to an inner region of
the cartridge. Additionally, the amount of liquid NHs supplied to the cartridge is determined.
The supply of liquid NHj to the cartridge is discontinued after a predetermined amount of liquid
NH; has been supplied to the cartridge.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 illustrates a bar chart of an example of the number hours required to fill
an approximately 35 pound cartridge having strontium chloride with about 10 pounds of useable

NH; using NH3 vapor.

[0010] Figure 2 charts the weight and time to fill two separate 35 pound cartridges

having strontium chloride with 10 pounds of useable NH3 using NH3 vapor.

[0011] Figure 3 illustrates a system for filling a cartridge with NH; according to the

illustrated embodiment.

[0012] Figure 4 illustrates a cross sectional view of a cartridge for use with the system

illustrated in Figure 3.

[0013] Figure 5 illustrates a flow chart for filling cartridges with both vapor and liquid

NH; that will be used by emission control systems according to the illustrated embodiment.

DETAILED DESCRIPTION

[0014] For illustrative purposes, Figure 3 shows a system 100 for filling a cartridge 102
with NH; according to the illustrated embodiment. As shown, the system 100 includes at least
one cartridge 102 and at least one tank 104, 106 containing liquid NH;. In the illustrated
embodiment, a first tank 104 containing liquid NHz may be operably connected to a heater 108
that is controlled by a controller 110. The heater 108 is configured to elevate the temperature of
the liquid NH3 in the first tank 104 so that at least a portion of the liquid NH3 in the first tank 104

is converted into vapor NHs.

[0015] The flow or release of either vapor or liquid NH; from the first and second tanks
104, 106, respectively, may be controlled by valves 112a, 112b, such as, for example shut-off
valves. When the valve 112a for the first tank 104 is in the open position, NH3; vapor may be

allowed to flow, or be drawn, out of the first tank 104 and into a supply line, hose, or tube 111.
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Similarly, when the valve 112b for the second tank 106 is in the open position, liquid NH; may

be allowed to flow, or be drawn, out of the second tank 106 and into a supply line 111.

[0016] The system 100 may include a vacuum 116 that is operably connected to the
system 100. When a vacuum valve 118 is in an open position, operation of the vacuum 116
creates a negative pressure in the system 100 that may be used to draw NH3 vapor and/or liquid
from the first and/or second tanks 104, 106, respectively. Further, the vacuum 116 may be used
to draw a negative vacuum in the cartridge 102 that may assist in delivering the NH; vapor

and/or liquid to the cartridges 102 through the supply lines 111.

[0017] The flow of NH; in the supply lines may also be controlled and/or regulated by
various ancillary valves that are positioned along the supply lines 111. For example, the system
100 may include one or more shut-off, check, and/or pressure relief valves, among other flow
controls. Additionally, the condition of the NH; flowing, or entering into, the supply lines 111
may be monitored, such as, for example, through the use of pressure, flow, and/or temperature
transducers that are positioned along the supply lines 111. Further, as shown in Figure 3, vapor
NH; from the first tank 104 may pass through a filter 114 that may remove contaminants and/or
debris from the vapor NHs.

[0018] The system 100 may also include one or more heating jackets 122 that, when
operated, are used to convert liquid NH; to vapor NH; and/or to ensure that, when desired, the
NH; is in a vapor state. Heat used to convert liquid NH; to a vapor may be provided to the
heating jacket 122 by a heater 124, such as, for example, a steam or electric heater. According to
the illustrated embodiment, flow of NHj to, and through, the heating jacket 122, may be
controlled by a shut-off valve 120.

[0019] NH; that passes through the heating jacket 122 may flow to, or be drawn into, a
cartridge 102 that contains an absorption material that can absorb NHj, such as, for example,
strontium chloride. Figure 4 illustrates a side cross sectional view of a cartridge 102. As shown,

the cartridge 102 includes an upper wall 140, a lower wall 142, and a side wall 146 that generally
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define an inner region 149 of the cartridge 102. The cartridge 102 also includes an inlet 148 and
a diffuser tube 150. The inlet 148 may be operably connected to a supply line 111 such that NH;
may flow from the supply line 111, through the inlet 148, and through the diffuser tube 150. The
diffuser tube 150 may have a plurality of openings along the length of the diffuser tube 150 that
allow for the release of the vapor or liquid NH; from different locations along the diffuser tube
150. The cartridge 102 illustrated in Figure 4 also includes an absorption material 152 that is
used to absorb the NHj entering into the inner region 149, and which will later release the

absorbed NHj for the treatment of NOx in exhaust gases.

[0020] As previously discussed, the absorption of NHj3 by absorption materials 152 such
as strontium chloride may occur via an exothermic reaction that produces heat that can cause
swelling of, and related damage to, the cartridge 102. Additionally, such heat may interfere with
the flow of NH3 into the cartridge 102. Accordingly, at least a portion of the cartridge 102 may
be cooled by the placement of the cartridge 102 in a cooling unit 126. The cooling unit 126 may
be supplied with cold fluid, such as, for example, chilled air, water, or refrigerant, among others,
by a chiller 128. Such cold fluid may be delivered from the chiller 128 to the cooling unit 126
by a coolant line 130, and returned from the cooling unit 126 to the chiller 128 through a return
line 132.

[0021] Figure 5 illustrates a flow chart for filling cartridges 102 with vapor and liquid
NH; for use in emission control systems according to the illustrated embodiment. At step 205,
the cartridges 102 may be placed in the cooling unit 126 of the system 100. At step 210, the
cartridge 102 may then be connected to the supply manifold, such as, for example, the inlet 148
of the cartridge 102 being connected to a supply line 111. However, according to certain
embodiments, the cartridge 102 may be connected to the supply manifold prior to being placed in
a cooling unit 126. The cooling unit 126 may be supplied with cold fluid from the chiller 128 at
any number of times during the filling process, such as, for example, before or after the supply of

vapor NH3 and/or liquid NH; to the cartridge 102 has been initiated.
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[0022] At 215, a supply of vapor NHj3 for the cartridge 102 is initiated. For example, at
least one valve is opened so that vapor NH; may flow from the first tank 103 and into the
cartridge 102. More specifically, according to certain embodiments, the shut-off valve 112a for
the tank 104 that is used to supply NHz vapor may be opened, as well as shut-off valve 120 for
the heating jacket 122, if not already in an opened position. The controller 110 may also operate
the heater 108 such that at least a portion of the liquid NH; in the tank 104 is converted into NHj;
vapor. NHj3 vapor may then be allowed to flow to one or more cartridges 102. As previously
discussed, before reaching the cartridge 102, the NH; may flow through a heating jacket 122 that

is configured to ensure that the NH; flowing into the cartridge 102 is in a vapor state.

[0023] NH; vapor may then flow into the cartridge 102 and be dispensed in the inner
region 149 of the cartridge 102 through the diffuser tube 150. At step 220, the amount of vapor
NH; absorbed in the cartridge 102, such as by the quantity of NH; supplied to and/or absorbed
by strontium chloride in the inner region 149, may be determined. In the illustrated embodiment,
the amount of NH; vapor delivered into the cartridge 102 may be sufficient to substantially
solidify together the compressed powdered absorption material 152 so that, in further steps in
which liquid NHj3 is delivered into the cartridge 102, the solidified condition of the absorption
material 152 may assist in preventing damage to the cartridge 102, such as, for example, damage
due to swelling in the cartridge 102. The quantity of absorbed vapor NH3; may be determined in
a number of different ways. For example, the current weight of the cartridge may be compared
with a prior cartridge weight 102, such as, for example, before or shortly after the system 100
began supplying vapor NH3 into the cartridge 102. Alternatively, the weight of the cartridge 102
may be determined at various intervals to determine changes in the rate at which the vapor NH;
is being absorbed inside the cartridge 102. Alternatively, vapor NH; may be supplied to the
cartridge for a predetermined time limit. For example, NH; vapor may be supplied to the
cartridge for a pre-determined time period that is predicted to allow the cartridge 102 to absorb a
pre-determined amount of useable NH3, or more specifically, 10 pounds of NH; that may be later

released from the cartridge during the treatment of exhaust gases.
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[0024] For example, if 10 pounds of NHj3 is to be absorbed by the absorption material
152 in the cartridge 102, such as by strontium chloride, vapor NH; may be supplied to the
cartridge 102 until the weight of the cartridge 102 indicates that approximately 75% of the
desired 10 pounds, or 7.5 pounds, of NH3 has been absorbed by the absorption material 152. As
previously mentioned, according to certain embodiments, a change(s) in the weight of the
cartridge 102 may be used to indicate whether or when 7.5 pounds of NH; has been absorbed by
the absorption material 152, such as, for example, by a comparison of a cartridge weight after the
filling process has begun with an initial cartridge weight taken before or around the time the
filling process begins. According to other embodiments, NHz vapor may be supplied to the
cartridge 102 for a predetermined time period based on when a predicted amount of the 75% of
the useable NH; will be absorbed. For example, information shown in Figure 1 may be used to
predict that vapor NH3 should be supplied to the cartridge for approximately 3 hours, at which
time approximately 75% of the useable NHs is expected to have been absorbed by the absorption
material 152. These percentages and times however are for purposes of illustration, and may be
varied based on a number of circumstances, including, for example, the desired time period for
filling a cartridge, the amount of ammonia that is to be absorbed, and permissible temperature
levels created by the exothermic reaction that occurs when the absorption material 152 absorbs

the NHs, among other factors.

[0025] After the predetermined amount of NH; vapor has been absorbed by the
absorption material 152, then at step 225, the supply of vapor NH; to the cartridge 102 is
discontinued. For example, according to certain embodiments, a valve that supplies vapor NH3
to the cartridge 102 may be closed. Moreover, in the system illustrated in Figure 3, the shut-off
valve 112a for the first tank 104 may be moved to a closed position. At step 230, the vacuum
116 may be operated to create a negative pressure in the cartridge 102. At step 235, a supply of
liquid NH; for the cartridge 102 may be initiated. For example, according to certain
embodiments, one or more valves may be opened so as to allow liquid NH; from the second tank

106 to flow to the cartridge 102. Moreover, in the system 100 illustrated in Figure 3, the shut-off
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valve 112b for the second tank 106 may be moved to an open position that allows liquid NH; to
flow out of the tank 106. Further, the negative pressure created by the operation of the vacuum
116 may at least assist in drawing the liquid NH3 in the supply lines 111 from the second tank
106 into the cartridge 102.

[0026] At step 240, the amount of liquid NH3 in the cartridge 102 that has been absorbed
by the absorption material 152 and/or the amount of liquid NH; in the cartridge 102 may be
determined. Similar to the vapor NHs, the quantity of liquid NH3 in the cartridge 102 and/or the
amount of liquid NHj; or the total amount of NH3 absorbed by the absorption material may be
determined in a number of different ways. For example, the current weight of the cartridge 102
may be compared with a prior cartridge weight 102, such as, for example, before or shortly after
the system 100 begins supplying vapor NHj into the cartridge 102 and/or the weight of the
cartridge 102 when the supply of vapor NH; ceased and/or the supply of liquid NHsz began.
Alternatively, liquid NHz may be supplied to the cartridge for a predetermined time limit. For
example, liquid NH; may be supplied to the cartridge for a pre-determined time period that is
predicted to allow the cartridge to receive and/or the absorption material to absorb a pre-
determined amount of useable NH;. Further, the time period for which liquid NHj is to be
absorbed by the absorption material 152 does not necessarily mean the cartridge 102 needs to
remain connected to the system 100. Moreover as the vapor and liquid NHj are released from
the diffuser tube 150 and into the absorption material 152, typically most of the saturation of the
absorption material 152 at least initially occurs around the proximity to the diffuser tube 150.
Therefore, the regions or areas of the absorption material 152 that are not yet saturated with NH;
may be located remotely from the diffuser tube 150. Thus, liquid NH3 may need time to reach
portions of the absorption material 152 that are remote from the diffuser tube 150, such as, for
example, absorption material 152, or pockets thereof, that are along the side wall 144 or lower
wall 144 of the cartridge 102. However, this absorption can occur after both the liquid NH; has
been delivered to the inner region 149 and the cartridge 102 has been disconnected to a supply

line 111, and more specifically, disconnected from the system 100.
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[0027] Using the prior example where 75% of the 10 pounds of useable NHj is to be
supplied to the absorption material 152 inside the cartridge 102 by vapor NH;, the remaining
25% of useable NH; may be supplied by liquid NHs. Unlike the use of vapor NHj for this
remaining 25%, which as shown in the example illustrated in Figure 1 required an additional 3.8
hours, the use of liquid NH; allows the remaining 25% to be supplied to the cartridge 102 in a
relatively significantly shorter time period, such as, for example, in one hour. Further, by first
using the vapor NHj, the compressed powdered absorption material 152 is allowed to generally
solidify together, which may aid in preventing swelling and/or deforming of the cartridge 102
caused by the exothermic reaction created by the introduction of liquid NH3 into the cartridge
102. Further, as there is less unsaturated NH; in the cartridge 102 available to react with the
NHs, the overall force generated by the reaction of the absorption material 152 with the liquid

NH3 may be minimal.

[0028] Once the cartridge 102 has received the desired amount of liquid NH; and/or a
desired amount of liquid NH; has been absorbed by the absorption material 152, then at step 245
the supply of NH; to the cartridge 102 is discontinued. For example, the valve 112b for the
second tank 104 may be moved from an open position to a closed position so that liquid NH; no
longer flows through the supply lines 111 and to the cartridge 102. As previously discussed, the
cartridge 102 may be detached from the system 100 with the an amount of liquid NHj3 in the
inner region 149 needed to complete the filling process even if all of the liquid NH; has not yet
been absorbed by the absorption material 152. This is because even when removed from the
system 100, the liquid NH; in the cartridge 102 will continue to be absorbed by absorption
material 152 that is not yet saturated with NH; and/or is still capable of absorbing NHs.
However, with vapor NHjs, as the vapor contains less NH; than the liquid NH3, a cartridge 102
being completely filled using NH; vapor could not be disconnected from the system 100 and still
achieve the goal amount of NHjs in the cartridge 102 unless the disconnect happened around the
same time as the goal amount of NH; had been absorbed by the absorption material 152 in the

inner region 149 of the cartridge.

10
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Claims

1. A method for filling a cartridge with ammonia used to treat NOx in engine exhaust

comprising:

supplying an inner region of the cartridge with a vapor NH; until a predetermined level of

the vapor NH3 has been absorbed by an absorption material in the cartridge; and

supplying the inner region of the cartridge with a liquid NH; until a predetermined level

of liquid NH3 has been supplied to the cartridge.

2. The method of claim 1, further including the steps of measuring a first weight of
the cartridge, measuring a second weight of the cartridge, and comparing the first and second
weights to determine if the predetermined level of vapor NH; has been absorbed by the

absorption material.

3. The method of claim 2, further including the steps of measuring a third weight of
the cartridge and comparing the second and third weights to determine if the predetermined level

of liquid NH3 has been supplied to the cartridge.

4. The method of claim 1, further including the step of measuring the time period
during which the cartridge has been supplied with vapor NH; to determine whether the

predetermined level of vapor NH3 has been absorbed by the absorption material.

5. The method of claim 4, further including the step of measuring the time period
during which the cartridge has been supplied with liquid NH; to determine whether the
predetermined level of liquid NH3 has been supplied to the cartridge.

6. A method for filling a cartridge with ammonia used to treat NOx in engine exhaust

comprising:

11
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supplying an inner region of the cartridge with a vapor NH; until a predetermined amount

of the vapor NHj; has been supplied to the cartridge; and

subsequent to the supply of the predetermined level of vapor NHs, supplying the inner
region the cartridge with a liquid NH; until a predetermined amount of NH3 has been supplied to

the cartridge.

7. The method of claim 6, further including the steps of measuring a first weight of
the cartridge, measuring a second weight of the cartridge, and comparing the first and second
weights to determine if the predetermined amount of vapor NH; has been supplied to the

cartridge.

8. The method of claim 7, further including the steps of measuring a third weight of
the cartridge and comparing the second and third weights to determine if the predetermined

amount of liquid NHj has been supplied to the cartridge.

9. The method of claim 6, further including the step of measuring the time period
during which the cartridge has been supplied with vapor NH; to determine whether the

predetermined amount of vapor NH3 has been supplied to the cartridge.

10. The method of claim 9, further including the step of measuring the time period
during which the cartridge has been supplied with liquid NH; to determine whether the
predetermined amount of liquid NH3 has been supplied to the cartridge.

11. A method for filling a cartridge with ammonia used to treat NOx in engine

exhaust comprising;:
initiating a supply of substantially NH3 vapor to an inner region of the cartridge;

determining the amount of NH3 vapor supplied to the cartridge or the amount of NHj

vapor absorbed by an absorption material in the inner region of the cartridge;

12
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discontinuing the supply of NHj vapor to the cartridge after a predetermined amount of

NHj; vapor has been supplied to the cartridge or absorbed by the absorption material;
pulling a vacuum in the cartridge;
initiating a supply of substantially liquid NH; to an inner region of the cartridge;
determining the amount of liquid NHj3 supplied to the cartridge; and

discontinuing the supply of liquid NH; to the cartridge after a predetermined amount of

liquid NH3 has been supplied to the cartridge.

12. The method of claim 11, wherein the predetermined amount of vapor supplied to

the cartridge is an amount to substantially solidify the absorption material together.

13. The method of claim 11, wherein the predetermined amount of vapor NH;
supplied to the cartridge is approximately 75% of the total weight of NHj3 that is to be absorbed

by the absorption material from the combination of the supplied vapor and liquid NHs.

14.  The method of claim 11, wherein the predetermined amount of vapor NH;
supplied to the cartridge is determined by the step of monitoring the overall weight gain of the

cartridge from the supply of vapor NH; to the inner region.

15.  The method of claim 11, wherein the supply of liquid NH3 is discontinued before
at least a portion of the liquid NHs supplied to the inner region has been absorbed by the

absorption material.

13
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