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(57)  Anassemblyforusein treating gaseous exhaust
emissions has an inductive heater mounted next to a
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light-off temperature to the downstream substrate or sec-
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Description
FIELD OF THE INVENTION

[0001] This invention relates induction heating struc-
tures and methods and has particular but not exclusive
application to catalytic converters, particulate filters
(PFs) and like structures for treating exhaust gases to
reduce harmful pollution.

BACKGROUND

[0002] The U.S. Department of Transportation (DOT)
and the U.S. Environmental Protection Agency (EPA)
have established U.S. federal rules that set national
greenhouse gas emission standards. Beginning with
2012 model year vehicles, automobile manufacturers re-
quired that fleet-wide greenhouse gas emissions be re-
duced by approximately five percent every year. Included
in the requirements, for example, the new standards de-
creed that new passenger cars, light-duty trucks, and me-
dium-duty passenger vehicles had to have an estimated
combined average emissions level no greater than 250
grams of carbon dioxide (CO,) per mile in vehicle model
year 2016.

[0003] Catalytic converters and DPFs are used in in-
ternal combustion engines to reduce noxious exhaust
emissions arising when fuel is burned as part of the com-
bustion cycle. Significant among such emissions are car-
bon monoxide and nitric oxide. These gases are danger-
ous to health but can be converted to less noxious gases
by oxidation respectively to carbon dioxide and nitro-
gen/oxygen. Other noxious gaseous emission products,
including unburned hydrocarbons, can also be converted
either by oxidation or reduction to less noxious forms.
The conversion processes can be effected or accelerated
if they are performed at high temperature and in the pres-
ence of a suitable catalyst being matched to the particular
noxious emission gas that is to be processed and con-
verted to a benign gaseous form. For example, typical
catalysts for the conversion of carbon monoxide to car-
bon dioxide are finely divided platinum and palladium,
while a typical catalyst for the conversion of nitric oxide
to nitrogen and oxygen is finely divided rhodium.
[0004] Catalytic converters and PFs have low efficien-
cy when cold, i.e. the running temperature from ambient
air start-up temperature to a temperature of the order
typically of 300C or "light-off’ temperature, being the tem-
perature where the metal catalyst starts to accelerate the
pollutant conversion processes previously described.
Light-off is often characterized as the temperature at
which a 50% reduction in toxic emissions occurs and for
gasoline is approximately 300°C. Below light-off temper-
ature, little to no catalytic action takes place. This is there-
fore the period during a vehicle’s daily use during which
most of the vehicle’s polluting emissions are produced.
Getting the catalytic converter or PF hot as quickly as
possible is important to reducing cold start emissions.
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[0005] Copending US patent application 14452800
(Catalytic converter structures with induction heating)
shows a catalytic converter assembly having a substrate
body with a plurality of cells for cell therethrough of ex-
haust gases. Metal is located at predetermined locations
in the substrate body and an electromagnetic field gen-
erator is mounted adjacent the substrate body for gen-
erating a varying electromagnetic field inductively to heat
the metal and so heat the substrate body.

SUMMARY OF THE INVENTION
BRIEF DESCRIPTION OF THE DRAWING

[0006] Forsimplicity and clarity of illustration, elements
illustrated in the accompanying figure are not drawn to
common scale. For example, the dimensions of some of
the elements are exaggerated relative to other elements
for clarity. Advantages, features and characteristics of
the present invention, as well as methods, operation and
functions of related elements of structure, and the com-
binations of parts and economies of manufacture, will
become apparent upon consideration of the following de-
scription and claims with reference to the accompanying
drawings, all of which form a part of the specification,
wherein like reference numerals designate correspond-
ing parts in the various figures, and wherein:

FIG. 1 is a longitudinal sectional view of a prior art
gaseous emissions treatment unit.

FIG. 2 is a longitudinal sectional view of a gaseous
emissions treatment unit adapted for use in an em-
bodiment of the invention.

FIG. 3 is a cross-sectional view of the unit of FIG. 2.

FIG. 4 is a perspective sectional view of a part of a
gaseous emissions treatment unit according to an
embodiment of the invention showing metal inserts
located in cells of a substrate body.

FIG. 5, 5A and 5B are respectively longitudinal sec-
tional, cross-sectional and perspective views of a
gaseous emissions treatment unit according to an-
other embodiment of the invention, the unit adapted
for front end heating.

FIG. 6, 6A and 6B are respectively longitudinal sec-
tional, cross-sectional and perspective views of a
gaseous emissions treatment unit according to a fur-
therembodiment ofthe invention, the unit also adapt-
ed for front end heating.

FIG.6C is alongitudinal sectional of a gaseous emis-
sions treatment unit according to a further embodi-
ment of the invention, the unit adapted for back end
heating of gas exiting an upstream brick.
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FIG. 6D is alongitudinal sectional of agaseous emis-
sions treatment unit according to yet embodiment of
the invention, the unit adapted for front end heating.

FIG. 6E is alongitudinal sectional of a gaseous emis-
sions treatment unit according to yet another em-
bodiment of the invention, the unit adapted for back
end heating of gas exiting an upstream brick.

FIG. 7 is a longitudinal sectional view of a gaseous
emissions treatment assembly according to another
embodiment of the invention, a front gaseous emis-
sions treatment unit adapted for back end heating to
heat a downstream gaseous emissions treatment
unit.

FIG. 7A is a longitudinal sectional view of a gaseous
emissions treatment assembly according to another
embodiment of the invention having a front unit con-
figured for both inductive front end heating and back
end heating thereby to heat a downstream gaseous
emissions treatment unit.

FIG. 7B is a longitudinal sectional view of a gaseous
emissions treatment assembly according to another
embodiment of the invention having both inductive
front end heating and back end heating of an up-
stream unit, and inductive front end heating of a
downstream unit.

FIGs. 8A and 8B are end and perspective views re-
spectively of an emissions treatment unit according
to a further embodiment of the invention, the unit
having a separate front end heater.

FIGs. 9A and 9B are end and perspective views re-
spectively of an emissions treatment unit according
to an embodiment of the invention, the unit having
an alternative form of separate front end heater.

FIGs. 10A and 10B are end and perspective views
respectively of an emissions treatment unit accord-
ing to an embodiment of the invention, the unit of
having a further alternative form of separate front
end heater.

FIGs. 11A and 11B are end and perspective views
respectively of an emissions treatment according to
an embodiment of the invention, the unit of having
yet another alternative form of separate front end
heater.

FIGs. 12A and 12B are end and perspective views
respectively of an emissions treatment unit accord-
ing toan embodiment ofthe invention, the unithaving
a further alternative form of separate front end heat-
er.
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FIGs. 13A and 13B are end and perspective views
respectively of a gaseous emissions treatment unit
according to an embodiment of the invention, the
unit having another alternative form of separate front
end heater.

FIG. 14 is a side sectional view of a space heater
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION IN-
CLUDING THE PRESENTLY PREFERRED EMBODI-
MENTS

[0007] A gaseous emissions treatment assembly may
take any of a number of forms. Typical of these is a known
catalytic converter having a cylindrical substrate body 10
usually made of ceramic material and often called a brick,
an example of which is shown in FIG. 1. The brick has a
honeycomb structure in which a number of small area
passages or cells 12 extend the length of the brick, the
cells being separated by walls 14. There are typically
from 400 to 900 cells per square inch (cpsi) of cross-
sectional area of the substrate body 10 and the walls are
typically in the range 0.003 to 0.008 inches in thickness.
Typically, the ceramic substrate body 10 is formed in an
extrusion process in which green ceramic material is ex-
truded through an appropriately shaped die and units are
cut successively from the extrusion, the units being then
cut into bricks. The areal shape of the cells or passages
12 may be whatever is convenient for contributing to the
overall strength of the substrate body 10 while presenting
alarge contact area at which flowing exhaust gases can
interact with a hot catalyst coating the interior walls of
the cells. In other gaseous emissions treatment such as
particulate filters, there may or may not be catalyst coat-
ing on the passage walls. In particulate filters, a check-
erboard subset of cells have their front ends plugged, a
‘reverse’ checkerboard subset of cells have their back
ends plugged, and gaseous emissions are treated by be-
ing driven though porous walls of the honeycomb struc-
ture from cells of the first subset into cells of the reverse
subset.

[0008] Inthe catalytic converter, interiors of the tubular
cells 12 are wash-coated with a layer containing a par-
ticular catalyst material. A wash-coat typically contains
a base material, suitable for ensuring adherence to the
cured ceramic material of the substrate body, and en-
trained particulate catalyst material for promoting specific
pollution-reducing chemical reactions. Examples of such
catalyst materials are platinum and palladium which are
catalysts effective in converting carbon monoxide and
oxygen to carbon dioxide, and rhodium which is a catalyst
suitable for converting nitric oxide to nitrogen and oxy-
gen. Other catalysts are known which promote high tem-
perature oxidation or reduction of other gaseous materi-
als. The wash-coating is prepared by generating a sus-
pension of the finely divided catalyst in a ceramic paste
or slurry, the ceramic slurry serving to cause the wash-
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coat layer to adhere to the walls of the ceramic substrate
body. As an alternative to wash-coating to place catalyst
materials on the substrate body surfaces, the substrate
body material itself may contain a catalyst so that brick
walls themselves present catalyst material at the internal
surfaces bounding the cells.

[0009] Exhaust gases from diesel (compression com-
bustion) engines contain more nitrogen oxides than
gasoline (spark combustion) engines. Long-term expo-
sure to nitrogen oxides even at low levels can cause tem-
porary or permanent respiratory problems. Selective cat-
alytic reduction (SCR) is a method by which a liquid re-
ductant is injected into a diesel engine exhaust flow to
combine with nitrogen dioxide and nitric oxide (referred
to collectively as NOy) in the exhaust gas. A preferred
reductant is aqueous urea (2(NH,),CO which is often
referred to as diesel exhaust fluid (DEF). In the presence
of a catalyst, ammonia resulting from thermal decompo-
sition of the urea combines with the nitrogen oxides to
produce less harmful products, chiefly nitrogen and wa-
ter. Other reductants such as anhydrous ammonia and
agqueous ammonia may also be used as an alternative
to urea although especially for automotive application,
on-board storage presents greater difficulty. Suitable cat-
alysts may be any of certain metals oxides (such as those
of molybdenum, vanadium, and tungsten), certain pre-
cious metals and zeolites. The typical temperature range
fora SCRreactionis from 360°C to 450° C with a catalyst
such as activated carbon being used to stimulate lower
temperature reactions. As in gasoline (spark combustion
engines), diesel (pressure combustion) engines may ex-
perience a period after a start-up where the exhaust tem-
perature is too cool for effective SCR NO, reduction proc-
esses to take place. Other catalytic converters in which
the present invention finds application for preheating or
supplementary heating are lean NOX catalyst systems,
lean NOX trap systems and non-selective catalytic re-
duction systems. The present invention is applicable also
to each of these nitrogen oxide emissions treatment as-
semblies.

[0010] A gaseous emissions treatment assembly may
have a series of the substrate bodies or bricks 10, each
having a particular catalyst layer or emissions treatment
mode depending on the noxious emission to be reduced
or neutralized. Gaseous emissions treatment bricks may
be made of materials other than fired ceramic, such as
stainless steel. Also, they may have different forms of
honeycombed cells or passages than those described
above. For example, cells can be round, square, hexag-
onal, triangular or other convenient cross-sectional
shape. In addition, if desired for optimizing strength and
low thermal capacity or for other purposes, some of the
extruded honeycomb walls can be formed so as to be
thicker than other of the walls or formed so that there is
some variety in the shape and size of cells. Junctions
between adjacent interior cell walls can be sharp angled
or can present curved profiles.

[0011] Typically, as shown in FIG. 1, the wash-coated
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ceramic honeycomb brick 10 is wrapped in a ceramic
fibrous expansion blanket 16. A stamped metal casing
or can 18 transitions between the parts of an exhaust
pipe (not shown) fore and aft of the gaseous emissions
treatment unit so as to encompass the blanket wrapped
brick. The casing 18 is typically made up of two parts
which are welded to seal the brick in place. The expan-
sion blanket 16 provides a buffer between the casing 18
and the brick 10 to accommodate their dissimilar thermal
expansion coefficients. The metal of the sheet metal cas-
ing 18 expands much more than the ceramic material of
the brick at a given temperature increase and, if the two
materials were bonded together or in direct contact with
each other, destructive stresses would be experienced
at the interface of the two materials. The blanket 16 also
dampens vibrations from the exhaust system that might
otherwise damage the brittle ceramic of the substrate
body 10.

[0012] Inuse, the encased brick (or bricks) is mounted
in the vehicle exhaust line to receive exhaust gases from
the engine and to pass them to the vehicle tail pipe. The
passage of exhaust gases through the gaseous emis-
sions treatment unit heats the ceramic brick 10 to pro-
mote catalyst activated processes where the flowing gas-
es contact the catalyst layer. Especially when the vehicle
engine is being run at optimal operating temperature and
when there is substantial throughput of exhaust gases,
such treatment units operate substantially to reduce the
presence of noxious gaseous emissions entering the at-
mosphere. Such units have shortcomings however at
start-up when the interior of the brick is at low tempera-
ture, during idling during city driving or when waiting for
a coffee at a Tim Hortons drive-through, and between
electric driving periods for hybrid vehicles.

[0013] Brick shape, profile and cell densities vary
among different manufacturers. For example, some
bricks are round and some are oval. Some assemblies
have single stage bricks that are generally heavily wash-
coated with the catalyst metals, while others may have
two or three bricks with different wash-coatings on each
brick. Some exhausts have 900, 600 and 400 cpsi cell
densities used in the full exhaust assembly, while others
use only 400 cpsi bricks throughout. A close-coupled
converter may be mounted up close to the exhaust man-
ifold with a view to reducing the period between start-up
and light-off temperature. An underfloor converter can
be located further from the engine where it will take rel-
atively longer to heat up but be relatively larger and used
to treat the majority of gases once the exhaust assembly
is up to temperature. In another configuration, a unit for
reducing the period to light-off temperature and a unit to
deal with high gas flow after light-off are mounted togeth-
er in a common casing.

[0014] At one or more locations in the assembly, sen-
sors mounted in the exhaust gas flow including within or
adjacent the substrate body provide feedback to the en-
gine control system for emission checking and tuning pur-
poses. Aside from start-up, control of fuel and air input
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has the object typically of maintaining a 14.6:1 air: fuel
ratio foran optimal combination of power and cleanliness.
A ratio higher than this produces a lean condition - not
enough fuel. A lower ratio produces a rich condition - too
much fuel. The start-up procedure on some vehicles runs
rich for an initial few seconds to get heat into the engine
and ultimately the catalytic converter. The structures and
operating methods described below for indirectly heating
the catalyst layers and the exhaust gases can be used
with each of a close-coupled catalytic converter, an un-
derfloor converter, and a combination of the two. Outputs
from the temperature sensors are taken to a controller
at which the monitored temperature or temperatures are
used to control when induction heating is switched on
and off. Using an appropriate algorithm implemented at
the controller, the monitored temperatures may also be
used to control specific effects of the applied heating
processes to achieve a particular heating pattern.
[0015] AsdisclosedinU.S.PatentNo. 9488085, agas-
eous emissions treatment assembly such as that shown
in FIG. 1 is modified as shown in FIGs. 2 and 3 to enable
induction heating. Induction heating is a process in which
a metal body is heated by applying a varying electromag-
netic field so as to change the magnetic field to which
the metal body is subject. This, in turn, induces eddy
currents within the body, thereby causing resistive heat-
ing of the body. In the case of a ferromagnetic metal body,
heat is also generated by a hysteresis effect. When the
non-magnetized ferromagnetic metal is placed into a
magnetic field, the metal becomes magnetized with the
creation of magnetic domains having opposite poles. The
varying field periodically initiates pole reversal in the
magnetic domains, the reversals in response to high fre-
quency induction field variation on the order of 1,000s to
1,000,000s cycles per second (Hz) depending on the ma-
terial, mass, and shape of the ferromagnetic metal body.
Magnetic domain polarity is not easily reversed and the
resistance to reversal causes further heat generation in
the metal.

[0016] As illustrated in FIGs. 2 and 3, surrounding the
ceramic substrate body 10 is a metal coil 20 and, although
not visible in FIG. 2, located within selected ones of the
cells 12 are metal pins, rods, wires or other metal inserts
22 (FIG.4). By generating a varying electromagnetic field
at the coil 20, a chain reaction is initiated, the end result
of which is that after start-up of a vehicle equipped with
an exhaust system embodying the invention, light-off
temperature may be attained more quickly in the pres-
ence of the varying electromagnetic induction field than
if there were no such field. The chain reaction is as fol-
lows: the varying electromagnetic field induces eddy cur-
rents in the metal elements 22; the eddy currents cause
heating of the metal elements; heat from the metal ele-
ments 22 is transferred to the ceramic substrate body
10; heat from the heated substrate body 10 is transferred
to exhaust gas as it passes through the emissions control
unit; and the heated exhaust gas causes catalytic reac-
tions to take place more quickly at the walls 14 compared
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to unheated exhaust gas. Conduction from the heated
wires, pins or other filling elements 22 is the primary
source of heat transfer to the ceramic substrate 10 and
therefore to the exhaust gases when the emissions unit
isinoperation. There is also a small amount of convective
and radiated heat transfer at any small air gaps between
a wire and the interior surface of the cell within which it
is contained.

[0017] The coil 20 is a wound length of copper tube,
although other materials such as copper wire or litz wire
may be used. Copper tube is preferred because it offers
high surface area in terms of other dimensions of the coil;
induction being a skin-effect phenomenon, high surface
area is of advantage in generating the varying field. If litz
wire or copper wire is used, an enamel or other coating
on the wire is configured not to burn off during sustained
high temperature operation of the converter. An air gap
between the coil 20 and the nearest inductance metal
wires 22 prevents significant heat transfer from the wires
22 to the coil 10 which would otherwise increase the coil
resistivity and so lower its efficiency.

[0018] A layer 24 of electromagnetic field shielding /
concentrating material is located immediately outside the
coil 20 to provide induction shielding and to reduce in-
duction loss to the metal converter housing. The layer 24
also acts to increase inductive coupling to the metal in
the substrate body 10 to focus heating. The shield / con-
centrator 24 can be made from a ferrite or other high-
permeability, low-power-loss materials such as Giron,
MagnetShield, Papershield, Finemet, CobalTex, or other
magnetic shielding material that can be arranged to sur-
round some or all of the windings of the coil 20. In par-
ticular, the magnetic shield 24 operates as a magnetic
flux concentrator, flux intensifier, diverter, or flux control-
ler to contain the magnetic fields within the substrate
body. The magnetic shield lowers loss by mitigating un-
desirable heating of adjacent conductive materials. With-
out the magnetic shield / concentrator 24, magnetic flux
produced by the coil 20 could spread around the coil 20
and link with the electrically conductive surroundings
such as the metal casing 18 and other surrounding metal
in an exhaust system, and/or other components of an
internal combustion engine, vehicle, generator or other
electrical system or host system, decreasing the life of
these components and increasing energy loss. In addi-
tion, the layer 24 operates to direct or concentrate the
magnetic field to the substrate body 10 providing selec-
tive or enhanced heating of a desired region of the sub-
strate body 10, for example, by redirecting magnetic flux
that would otherwise travel away from that desired re-
gion. In particular, the layer 24 operates to concentrate
the magnetic flux produced by the coil 20 in the direction
of the metal wires or rods 22 in the substrate body 10 for
more efficient heating. As an additional benefit, the mag-
netic shield can improve the electrical efficiency of the
induction coil 20 by increasing power transfer.

[0019] The coilis contained in a fiber insulation sheath
26 with the sheathed coil being encased in a in cast,
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cured insulation. The sheath functions both to stabilize
the coil position and to create an airtight seal to confine
passage of the exhaust gases through the ceramic hon-
eycomb substrate body 10 where catalytic action takes
place. The insulation also provides a barrier to prevent
the induction coil 20 from shorting on the converter can
18 or the ferrite shield 24. The insulation is suitably alu-
mino-silicate mastic. Alternatively, the substrate body
can be wrapped in an alumino-silicate fiber paper. In one
manufacturing method, the copper coil 20 is wrapped
around the substrate body and then placed in the casing
or can 18. In an alternative manufacturing method, the
coil 20 is placed in the can or casing 18 and the substrate
body 10 is inserted into the coil / can assembly.

[0020] A varyingelectromagneticinductionfield is gen-
erated at the coil by applying power from either a DC or
AC source. Conventional automobiles have 12VDC elec-
trical systems. The induction system can operate on ei-
ther DC or AC power supply. The induction signal pro-
duced can also be either DC or AC driven. For either DC
or AC, this produces a frequency of 1 to 200 kHz, a RMS
voltage of 130 to 200V and amperage of 5 to 8A using
1kw of power as an example. In one example suitable
for road vehicles, a DC to DC bus converts the vehicle’'s
12VDC battery power to the required DC voltage outlined
above. In another example suitable for conventional road
vehicles, a DC to AC inverter converts the vehicle’s 12V
DC battery power to the desired AC voltage outlined
above. Another example is more suited to hybrid vehicles
having both internal combustion engines and electric mo-
tors have on-board batteries rated in the order of 360V
voltage and 50kW power. In this case, the battery supply
power is higher, but the same basic DC to DC bus or DC
to AC inverter electrical configuration can be applied. An
insulated gate bipolar transistor (IGBT) or metal-oxide-
semiconductor field effect transistor (MOSFET) high
speed switch is used to change the direction of electrical
flow through the coil. In terms of the effect of a varying
electromagnetic induction field on metal in the ceramic
substrate body, a low switching frequency produces a
longer waveform providing good field penetration below
the surface of the metal element and therefore relatively
uniform heating. However, this is at the sacrifice of high
temperature and rapid heating owing to the lack of switch-
ing. In contrast, a high switching frequency produces a
shorter waveform, which generates higher surface tem-
perature at the sacrifice of penetration depth. Applied
power is limited to avoid the risk of melting the metal
elements or having them reach Curie point. A suitable
power input to a single brick coil is of the order of 1.1kw.
[0021] As previously described, inserts 22 such as
wires, pins or other filling made of ferromagnetic or other
metal are located at selected locations of the ceramic
substrate body 10 as shown in the detail view of FIG. 4.
In the case of wires, they may be fixed in place by a
friction fit at least partially achieved by closely matching
the wire exterior area dimensions to the cell area dimen-
sions so that surface roughness of the wire surface and
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the cell walls 14 holds the wires 22 in place. Additionally,
a wire can be formed with a resiliently flexible element
(not shown) which is flexed from a rest condition as the
wire is inserted into a cell so that a part of the wire bears
against an interior wall of the cell 12 and so provides
frictional retention. The overall friction fit can be such as
to resist gravity, vibration, temperature cycling, and pres-
sure on the wires as exhaust gases pass through the
substrate body.

[0022] Wires 22 may alternatively, or in addition, be
fixed into the cells by bonding outer surfaces of the wires
to interior surfaces of the cell walls 14. A suitable com-
posite adhesive may be a blend of materials chosen to
reduce temperature cycling stress effects in which there
may be significant metal wire expansion / contraction,
but vanishingly small expansion / contraction of the ce-
ramic substrate. This differential can produce stresses
at the adhesive interface between the two materials. By
using such a composite adhesive, movement of abonded
wire relative to the surrounding cell walls may be reduced
while maintaining high heat transfer. Metal inserts may
alternatively be introduced into selected cells as molten
metal, metal slugs or metal power which is then treated
to render the inserted material in such a state and rela-
tionship with the walls of the substrate as to retain metal
in the selected cells.

[0023] Field produced by the electromagnetic induc-
tion coil can be tuned to the metal wire load to achieve
high efficiency in terms of generating heat and reduced
time to light-off temperature. Heating effects can be mod-
ified by appropriate selection of any or all of (a) the elec-
trical input waveform to the coil 20, (b) nature and position
of passive flux control elements such as the shield / con-
centrator 24, and (c) nature, position, and configuration
of the coil 20. In addition, the applied field can be changed
with time so that there is interdependence between the
induction field / heating pattern and the particular oper-
ational phase; for example, pre-start-up, warm-up, high-
way driving, idling and for hybrids, intermittent change
over from internal combustion to electric drive. In an al-
ternative configuration, more than one coil can be used
to obtain desired induction effects. For example, a sub-
strate body having an annular cross-section can have
one energizing coil at the substrate perimeter and a sec-
ond energizing coil at the substrate core (not shown).
[0024] The heating pattern can be determined by ap-
propriate location and configuration of the metal pins or
wires 22. A suitable metal for the inserted wire is a fer-
romagnetic metal such as stainless steel grade 430
which has high magnetic permeability and corrosion re-
sistance. Lower permeability alloys such as 300 or 400
series stainless steels may also be used. Alternative met-
als can be used depending on particular properties re-
quired in making the wire inserts and in fixing inserts with-
in selected cells of the ceramic substrate. Such proper-
ties include metal formability, ductility, softness and elas-
ticity. For shaping the direction and strength of magnetic
flux in the substrate, lower magnetic permeability metals
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or alloys may be used for metal inserts in the outer cells
with relatively higher magnetic permeability metals being
used for metal inserts in the inner cells. Metals having
very high magnetic permeability may also be used. For
example, Kanthal iron-chrome-aluminum alloys used in
wires manufactured by Sandvik have a relative permea-
bility of 9000 and greater. High relative permeability can
be achieved using wires made of other alloys including
nickel-iron and iron-cobalt alloys.

[0025] It is desirable to have intense rapid heating of
a substrate so that the whole substrate reaches light-off
temperature rapidly. Minimizing the period to light-off is
important to overall emissions reduction because there
is virtually no catalyst promoted treatment of gaseous
emissions below this temperature. For a given applied
power level, low pin density results in hot regions at pin
sites but cold regions between them. Although pin sites
may achieve light-off temperature relatively quickly, the
fraction of the ceramic substrate cross-sectional area at
or above light-off temperature may not be high enough
to induce and maintain overall light-off temperature. Ex-
haust gas flowing through the narrow substrate passages
is at approximately the same temperature as that of the
local ceramic, so gas passing through cold passages is
untreated.

[0026] Althoughin currentcommercial use, asubstrate
such as substrate 10, may typically have a length of from
3 to 6 inches, if an upstream section of the substrate 2
inches or even less in length is at light-off temperature
over its full extent, then emissions gas passing through
that part of the substrate will quickly drive downstream
catalyst coated areas to light-off temperature. Catalytic
reactions that take place at and above the light-off tem-
perature are generally exothermic so that after light-off
is achieved upstream, a self-fuelling cascade effect is
produced at the downstream part of the substrate. Con-
sequently, although an inductively heated front section
may be narrow compared with that part of the substrate
that is not inductively heated, sufficient mass flow and
heat may exist to drive the rest of the substrate rapidly
to light-off temperature. The exothermic catalyst promot-
ed burning of unburned components in the exhaust gas
develops downstream into a chain reaction after the small
upstream substrate section reaches light-off.

[0027] Rapid heating to light-off temperature can be
achieved by using high pin density with pin heating sites
located close together so that the light-off temperature
is attained across the full cross section of the substrate.
However, increased density of packing of metal inserts
22into the passages 12 increases pressure drop through
the system and so limits how much of the cross-sectional
area of the ceramic substrate 10 can be blocked with
metal inserts 22. This, in turn, limits how much of the
cross-sectional area of the substrate will reach light-off
temperature during operation. Pressure drop over the
length of an emissions treatment assembly is related to
the amount of work required for an engine to drive its
gaseous emissions through the assembly. The more
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work the engine most do to deal with emissions treat-
ment, the less efficient it is in terms of turning burning of
fuelinto driving the vehicle. Pressure drop for an assem-
bly such as that with which the present invention is con-
cerned originates from three sources: frictional losses,
impingement losses, and expansion losses. Frictional
losses are due to exhaust flow along the narrow cells of
the substrate. Impingement losses are due to the block-
ing cross-sectional area that the exhaust flow encounters
at the face of the substrate, this including the end walls
of the cells and any cells that are occluded by metal in-
serts. Expansion losses are due to transition in flow as
emissions gases exit the ceramic substrate at high ve-
locity, with the gas from discrete channels expanding into
a slower flowing mass. While the diameter of the sub-
strate can be increased to compensate for additional
pressure drop caused by the presence of more pins, this
requires a bigger unit and higher materials cost.

[0028] In a substrate such as that shown in FIG. 1,
pressure drop from frictional losses has an approximately
linear relationship with length and accounts for about
90% of total pressure drop in for example, a unit having
a 3inch (0.0762 metres) ceramic substrate, a cpsi (cells
per square inch) between 400 and 900 and an exhaust
gas flow rate of 5 metres /second. If, as shown in FIG.
4, selected passages are stacked with pins at a packing
density of 1:x, the pressure drop increases by about
(100/x)%, a cell 12 being considered blocked by a pin 22
regardless of pin length.

[0029] Given a substrate of length 'L’ and pin density
’1:x’ resulting in a certain pressure drop P, the pressure
drop P remains approximately the same if one part of the
substrate of length 'L/2" has a pin density of 1:x/2 and
the remaining part of the substrate of length 'L/2’ has
open unblocked cells. This relationship extends beyond
the above example, with the pressure drop again being
substantially unchanged for a first substrate part of length
'L/3” and pin density *1:x/3’ and the remaining part of the
substrate of length '2L/3’ having open unblocked cells.
With such arrangements, however, while the pressure
drop remains relatively constant, more heating sites are
present. This means that, depending on other require-
ments of the system, pin density and relative length of
the heated part of the substrate can be adjusted without
significantly affecting the pressure drop though the sys-
tem. In particular, a smaller volume of substrate can be
inductively heated in order to attain light-off temperature
more quickly than if the whole substrate were subjected
to the same power input.

[0030] In one embodiment of the invention as shown
in FIG. 5, 5A and 5B, placement of pins 22 and their
inductive heating by coil 22 is limited to a front part of the
substrate where the exhaust gas enters. The front part
28 of the substrate 10 has a high pin stacking density
and the passages 12 in the rear part 30 of the substrate
are open and unblocked. For practicality in terms of op-
eration, the length relationship between the frontand rear
parts 28, 30 and the pin stacking density of the front part
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28 depends at least partly on whether the heating char-
acteristics and the resulting pressure drop are operation-
ally acceptable.

[0031] In the illustrated embodiment of FIGs 4 and 5,
metal inserts 22 occupy aregular array of 1in 9 passages
at the front part 28 of the substrate 10 with occupied
passage lengths to the rear of the pins 22 being open.
Also in this embodiment, the front part has a maximum
pin length which is 50% of the length of the rear part or
33% of the overall substrate length. The pins 22 in the
front part of the substrate are distributed with their trailing
ends in a D or parabola shape. Magnetic flux from the
surrounding coil 20 is strongest closest to the coil 22 and
weakens further away from it. The D-shaped wire array
distributes the magnetic flux well and also compensates
for inductive energization being a "line of sight" process
whereby wires 22 near the interior of the substrate 10
may be in the shadow of energized wires nearer the coil
20. Depending on system demands including heating
and emissions treatment requirements and structural
features such as cells per square inch and actual length
of the brick, the passages 22 at the front of the brick can
be packed at more or less than 1:9. A packing range of
from 1:4 to 1:16, has been found particularly advanta-
geous from the viewpoint of acceptable pressure drop
while achieving high intensity heating. In such a range,
gaseous emissions can pass through the brick without
unacceptable pressure drop through the system. In such
a configuration, the pins 22 must provide sufficient metal
per unit volume to achieve a desired heating profile in
the heated front 28 without damaging the pin material.
The parabola or D stacking of pins can be longitudinally
reversed although the configuration shown is preferred
for ease of placing the metal inserts during manufacture.
In one example of D stacking of pins, a 50 mm substrate
slice in which generally uniform output temperature
across the substrate was obtained, the shortest pin used
was 9 mm. in length (at the outside of the heater slice)
and the longest pin length was 50 mm (at the centerline).
[0032] Thelength ofthe front partcompared to the total
length of the substrate can be less than 33% provided
the front part of the substrate is large enough to accom-
modate the desired level of pin packing given that there
is a lower limit to pin length for increasing heating inten-
sity. The induction system requires substantial load (in
this case, mass of pin material) to absorb the magnetic
flux. Too little mass can lead to overheating and melting
of the pins and the loss of electrical to thermal efficiency
if the pin material reaches its Curie point. At that temper-
ature, electromagnetic characteristics of the pin material
deteriorate. Also with large power applied to a small load,
the power supply may overheat and fail. In the rear part
30 of the substrate 10, the passages 22 should have
enough catalyst coated surface (or particulate filter sur-
face in the case of particulate filters) effectively to treat
the emissions gases passing through the system.
[0033] Concentrating heating at the front 28 of the sub-
strate increases the heat that each wire generates for a
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given pin array pattern and input power and so increases
localized heating. However, an issue with the structure
is that ceramic of substrate 10 conducts heat away in all
directions during the heating cycle. This effectively in-
creases the total volume of the ceramic that the heat
occupies and therefore reduces the intensity over the
volume of the pin occupied sites for a particular power
input.

[0034] Inanotherembodiment of the invention as illus-
trated in FIGs. 6, 6A and 6B, the assembly has a front
substrate 32 or ’slice’ that is separate from a rear sub-
strate 34. The two substrates are mounted in line with a
selected subset of the cells or passages of the slice sub-
strate 32 occupied by metal inserts 22 such as wires,
pins or other forms of metal filling to enable inductive
heating, and with the cells or passages 22 of the rear
brick 34 being open. In the illustrated embodiment, the
slice substrate 32, in terms of the direction 36 of flow of
emissions gas to be treated, is substantially shorter than
the rear brick 34. The slice length can be from 2% to 50%
of the length of the rear substrate although the practical
suitability of any particular percentage choice depends
on the length to diameter ratio of the rear substrate. Al-
though the front slice substrate 32 has an important func-
tion as a heater, walls of the front brick passages 22 can
be coated with emissions treatment catalyst so that the
slice substrate 32 is operable both to heat and treat emis-
sions gas before it passes from the front brick 32 across
a gap 38 into the rear brick 34 to be treated in a further
catalyst-promoted reaction.

[0035] In this embodiment, pressure drop impactis re-
duced by having the inductively heated front unit 32 sep-
arate from the downstream unit 34 with the downstream
unit being heated by the passage of hot gas from the
front unit. The pin packing density and so the number of
heating sites per unit cross-sectional area of the unit 32
is significantly increased so as to attain hot regions at
the pins 22 and relatively hot regions between the closely
spaced pins. The result is a relatively uniform tempera-
ture reached across the full cross section of the slice 32
sufficient for light-off temperature to be attained quickly.
The bricks 32 and 34 are separated by a distance of the
order of 2to 6 mm. At this separation, gaseous emissions
passing along the slice substrate 32 with a typical flow
velocity offrom less than 0.5 metres per second to greater
than 5 metres per second readily adapt from flow in the
front brick 32 to flow in the rear brick 34 without materially
increasing pressure drop. If separation is less than 2 mm,
pressure drop is higher because of a wake effect as the
flow exits the inductively heated substrate. Thisis caused
by the flow from the cells of the induction heated unit
spreadinginto the void behind ablocked cell that contains
the heating element. The 2 to 6 mm is representative of
the general distances that it takes for the wake effect to
partially or fully subside depending on the cell density of
the substrate and the associated pin array density. A high
cpsi substrate with a low pin array density gives the short-
est wake effect corresponding to the smallest required
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separation distance. A separation distance below 2 mm
leads to a higher pressure drop as wake effect is at its
highestintensity. Here, the flow spreads out through few-
er cells which translates into the second substrate if the
wake effectis not allowed to subside. With low separation
distance, the rear substrate acts as if it has a blocked
cell with little to no airflow through the associated channel
if that open cell is aligned too closely with a blocked cell
of the front substrate. This analysis assumes that the
front and rear substrates are perfectly aligned. Misalign-
ment of the substrates gives rise to an even greater pres-
sure drop from small separation distances. If the sepa-
ration is greater than 6 mm there is not the disadvantage
of the wake effect but packaging inevitably increases in
size. A large gap may also allow insulation from the fi-
brous mats to bulge into the space and become influ-
enced by the exhaust flow, either by reducing the opening
diameter orleading to the onset of insulation degradation.
Normally in a commercial inductively heated assembly
without a front end slice heater, the MFC is shorter than
the inductively heated substrate to allow for application
of an insulation layer and canning by means of collapsed
down sheet metal. An advantage of a small gap between
the substrates is that the MFC can be made longer than
normal so that it overlaps the rear (non-heater) substrate
which results in an increase in electromagnetic efficiency
of the heater unit. Insulation at the gap acts to protect
the MFC by supporting it both sides of the gap.

[0036] The orientation of a front slice substrate 32 rel-
ative to the rear brick 34 is adjusted during assembly by
an optical alignment process to reduce the area of wall
end-to-wall end incidence; i.e., to increase the area of
passage-to-passage incidence. To maintain the linear
spacing, the bricks are held in alignment by a common
jacket arrangement (not shown) similar to the jacket ar-
rangement shown in FIGs. 2 and 3 or by any other suit-
able mounting. In a preferred embodiment, opposed fac-
es 40 of the front and rear bricks 32, 34 are flat and per-
pendicular to the longitudinal axes of the bricks. Howev-
er, the gap between the bricks 32 and 34 can be alter-
natively shaped, for example, generally to follow the
dome / parabola shaped distribution of the pin trailing
ends (FIG. 6E).

[0037] In another embodiment of the invention as
shown in FIG. 6C, a heating slice substrate is mounted
downstream of an emissions treatment brick. In this way,
gas exiting the upstream brick 33 is given an inductive
heating boost before passing further down the exhaust
line to a subsequent emissions treatment brick.

[0038] The decoupled design of FIG. 6 has merit in
terms of product integrity. Among materials frequently
used for making substrates are low-expansion, honey-
comb ceramics such as cordierite and silicon carbide.
These materials are highly thermally insulating but are
not zero-expansion materials so a temperature gradient
can cause stresses to develop. Ideally, gradients are low
enough that stresses do not accumulate sufficiently to
cause a defect or substrate failure. However, as applied
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induction power levels increase in conjunction with heat-
ing applied over smaller areas / volumes, temperature
gradients within the ceramic will correspondingly in-
crease, heightening the risk of defects and failure. For
the single substrate example of FIG. 5, temperature gra-
dients are extreme because regions of the ceramic that
are being heated are physically linked to cold regions
having no heating. Hot regions can, for example, be
700°C or greater while cold regions may be below 0°C,
this variation being over a very short distance of the ce-
ramic. A design with intense heating only at the front face
and the rear kept cold is more prone to fail by popping
of the front portion of the ceramic from the main body.
The decoupled brick embodiment of FIG. 6 is character-
ized by a lower temperature gradient. The small volume
of the front brick 32 allows even the brick extremities that
are not directly heated to rise in temperature through con-
duction. This avoids the extreme 700°C to 0°C gradient
presented above. Instead, 700°C may be the maximum
temperature but a minimum temperature of the order of
350°C may prevail. Such a temperature gradient over a
distance of about 3.5 centimetres (1.375 inches) is more
manageable and configurable into commercial designs.
Additionally, because of the absence of substrate mate-
rial at the gap 38, heat is not lost by conduction towards
the back of the assembly. This in turn means that gen-
erated heat that might otherwise be conducted away is
retained in a smaller front volume to increase heating
efficiency and speed.

[0039] A feature of the front-end heater with its high
metal content to focus heating in a small volume at the
front of a unit is that relatively densely packed metal acts
to concentrate the field from the surrounding coil 20 to
increase heating and, as a corollary acts to reduce un-
desirable field effects at the casing 18 (FIGs. 2, and 3).
[0040] Following are three examples of a front end
heater slice configuration showing related structural
properties and performance characteristics:

Example 1
[0041]

a) Length of slice: 50mm of cordierite substrate

b) Cpsi: 600

¢) Length of longest pin - 50mm / shortest pin - 9mm
d) Weight of metal in slice: 221 grams

e) Applied power: 10kW draw

f) Time to light-off temperature (including the actual
temperature) 8 seconds to 300 degrees C

g) Pin and overall slice temperature: 681°C pin temp
with slice temperature locally being much the same

[0042] In this example, the magnetic flux concentrator
is relatively thick to handle high power and the coil is
relatively large to handle high voltage.
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Example 2
[0043]

a) Length of slice: 50mm cordierite

b) Cpsi: 600

c) Length of longest pin: 50mm / shortest pin: 9mm
d) Weight of metal in slice: 221 grams

e) Applied power: 2kW draw

f) Time to light-off temperature: 26 seconds to 300
degrees C

g) Pin and overall slice temperature (presumably
high but not over melt or Curie)? 450C pin temp with
slice temp locally being the same

[0044] In this example, the magnetic flux concentrator
is relatively thin because of the relatively low power and
the coil is relatively small because the voltage is lower.

Example 3
[0045]

a) Length of slice: 25 mm cordierite

b) Cpsi: 600

c) Length of longest pin 25 mm / shortest pin 6 mm
d) Weight of metal in slice: 111 grams

e) Applied power: 2kW draw

f) Time to light-off temperature: 16 seconds to 300
degrees C

g) Pin and overall slice temperature 692C pin temp
with slice temp locally being the same.

[0046] In this example, the magnetic flux concentrator
is relatively thin because of the relatively low power and
the coil is relatively short because the slice is thinner.
[0047] In another embodiment of the invention as
shown in FIG. 6D, the passages 12 of the heating slice
substrate 32 are made only long enough as is required
to provide necessary structural support for the pins 22.
For example, the pins 22 can project forwardly from the
front face 42 of the brick and / or can project rearwardly
from the back face 44 of the brick. Consequently, certain
parts of the pins 22 may be separated from adjacent pins
by air instead of insulating ceramic which may increase
conduction within the heating volume. In another embod-
iment of the invention, occupation of the slice passages
by the wires or pins is in other than a D or parabola shape.
For example, some or all of the pins can be of uniform
length or some other configurations can be used to obtain
desired heat profiles of exiting exhaust gas across the
area of the slice.

[0048] The decoupled or slice configuration has further
meritin relation to complex washcoated catalyst arrange-
ments of the sort where the gaseous emissions are sub-
jected to two or more different treatments. Application of
catalyst washcoat is generally done by taking a bare sub-
strate and dipping it into slurry that contains the catalyst
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metals and a porous ceramic carrier. Capillary action
within the porous substrate wicks the water/liquid from
the slurry and this deposits the precious metal and ce-
ramic material on passage surfaces. Residence time dur-
ing dipping and the number of dip cycles can be varied
to produce thick washcoats which are desirable for max-
imum emissions treatment. A vacuum system is used to
suck away excess liquid and then the washcoated sub-
strate is heated to cure the washcoat onto the cell walls.
Sometimes, two different washcoats are needed in a cat-
alyst assembly; for example, when multiple emissions
gases are being treated in a single system with each
emissions gas requiring its own washcoat chemistry. Ap-
plying two different washcoats is challenging for a single
substrate because in current commercial production
processes, one washcoat is applied to one end of the
substrate and a different washcoat is applied to the other
end of the substrate. Submersion depth during dipping
is difficult to control and generally a clean transition be-
tween two washcoats is not achieved. The washcoats
inherently narrow the open area of the cells but there is
frequently also taper to the washcoat thickness. Vacuum
removal to leave a consistent thickness of washcoat ma-
terial during coatingis easier to achieve at substrate ends
than at the middle of the substrate. The FIG. 6 heating
slice design makes the dual washcoat process easier
and generally gives better quality results.

[0049] In manufacturing substrate material, there are
several different commercially available cpsi substrates
to choose from, these typically including 400, 600, and
900 cpsi structures although higher cpsi substrates have
been achieved. These substrates are also available with
different wall thicknesses for a given cpsi. Also, sub-
strates are available made from one of several different
ceramic materials. There may be the need to optimize
the performance or cost of a catalyst assembly. For ex-
ample, a design could be optimized by using relatively
costly 900 cpsi, thin wall (low mass), silicon carbide as
the material of the front substrate and low cost, 400 cpsi,
thick wall, cordierite substrate as the material of the back
substrate. This is virtually impossible for a single sub-
strate design because the cross-section form of a single
substrate is fixed. Extrusion processes for manufacturing
substrate material do not have the flexibility to allow a
change in cpsi, wall thickness and/or material composi-
tion in the middle of extrusion. The slice embodiment of
FIGs. 6, 6A and 6B allow for several possible combina-
tions of substrate material properties to be included in
the catalyst assembly for optimization of performance
and cost.

[0050] Although inthe FIG. 6, 6A and 6B slice embod-
iment, the front brick 32 has catalyst coated passages
12, the passages may alternatively be devoid of catalyst,
meaning that the brick serves solely as a pre-heater to
heat emissions gases passing along its passages before
crossing the gap 38 to the rear unit 34. Such a configu-
ration allows optimization for heating in the way of size
and profile of passages 12 and position, size and profile
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of metal inserts 22. In the previously described embodi-
ments, the distribution of inductance metal elements rel-
ative to the positions of the cells is configured so that
heating is generally uniform and rapid across a thin front
substrate section or a separate substrate body. Locali-
zation of heating in an upstream pre-heater may be en-
hanced by using differently sized and or/shaped cells and
differently sized, shaped and/or composition wires.
[0051] The front end induction slice heater design cre-
ates a rapid inferno of heat providing very fast period to
light-off and rapid attainment of high temperature of the
catalyst without requiring engine exhaust flow. Extreme
energy is concentrated over a small volume producing a
high intensity heating. The induction heated slice is con-
structed with enough thermal mass to overcome cooling
effects of exhaust flow during cold starts to enable man-
ufacturers to achieve near-zero noxious emissions vehi-
cle platforms. Packaging the slice design in the context
of current state-of-the art converters and particulate fil-
ters is rendered easy by virtue of the small footprint of
the slice induction heater system. The same proven elec-
tronics that power a conventional induction technology
such as that described in US Patent 9488085 are also
used to power the slice induction heater design.

[0052] In another embodiment of the invention as
shown in FIG. 7, the substrate of an upstream brick 60
has an inductively heated rear end section 62 positioned
immediately upstream of a downstream emissions gas
treatment brick 64. The downstream substrate 64 may
be inductively unheated and so depend for reaching light-
off on the temperature of incoming emissions gases that
are inherently hot by virtue of being exhaustgas or having
had the exhaust gas temperature raised through induc-
tive heating at the upstream unit 60. Alternatively, as
shown in FIG. 7A, the upstream unit may additionally
have an associated electromagnetic field generator at a
front section of the upstream brick. Alternatively, as
shown in FIG. 7B, the downstream brick may have an
electromagnetic field generator at its front end. In each
of FIG.s 7-7B, the three heating zones may be optionally
energized at different times or to a different power level
from each other. The upstream unit can also be config-
ured for an emissions treatment that is different in type
from the emissions gas treatment process occurring in
the downstream unit. Any of the three end sections can
be configured as a separate slice.

[0053] In the FIGS. 6 and 7, the various distributions
of metal inserts in the inductively heated substrate can
be looked on as a metal matrix.

[0054] Inavariationofthe dedicated inductively heated
pre-heater or post-heater embodiments shown in FIGS.
6 and 7, the metal matrix is an inductively heated coiled,
corrugated metal slice 46 as shown in the embodiment
of FIGs. 8 and 8A.

[0055] In a further embodiment, the metal matrix is a
number of concentric metal blades 48 surrounding an
open hub 50 as shown in the embodiment of FIGs. 9 and
9A.
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[0056] In a further embodiment, the metal matrix is a
mesh of randomly distributed metal filaments 52 as
shown in the embodiment of FIGs. 10 and 10A.

[0057] In a further embodiment, the metal matrix is a
woven mesh of metal filament 54 as shown in the em-
bodiment of FIGs. 11 and 11A.

[0058] In a further embodiment, the metal matrix is a
perforated metal plate as shown in the embodiment of
FIGs. 12 and 12A.

[0059] In a further embodiment, the pre-heater has a
honeycomb ceramic substrate 32 but with ceramic con-
stituting the honeycomb walls heavily doped with metal
as indicated at 58 in the embodiment shown in FIGs. 13
and 13A.

[0060] In all of the illustrated pre-heater designs, the
front brick pre-heater (or in some cases a post-heater)
is optimized to provide a relatively dense metal load to
enable rapid, high intensity inductive heating from the
surrounding coil (not shown in FIGs. 8 to 13). However,
the metal load is not so large nor the wires so densely
packed as to affect the flow of emissions gas by intro-
ducing an unacceptable pressure drop into the exhaust
line.

[0061] Inanother embodimentofthe invention illustrat-
ed in FIG. 14, a heating unit for use as a space heater
has a ceramic substrate body through which extend pas-
sages, with metal inserts of wire, pins or other metal filling
in a subset of the passages. An induction coil is mounted
around the substrate body and is energized to generate
a varying electromagnetic field so that at least some of
the generated electromagnetic flux permeates metal wire
inserts to inductively heat them. A fan is mounted so as
to force air along the passages that are not blocked by
the metal wire inserts. In use, heat transfers from the
inductively heated metal bodies to adjacent substrate
body walls to heat the substrate body. In turn, at the un-
occupied passages, heat transfers from the substrate
body to heat air that is being forced along the passages
by the fan. A heating unit of the sort illustrated in FIG. 14
can, for example, be used for cabin heating of a motor
vehicle. This is of particular value for electric vehicles
where there is no combustion engine or plug-in hybrids
where engine operation and associated heating may not
be available until some time after initial vehicle usage.
[0062] The induction heating configurations previously
described and illustrated can be used with both catalytic
converters and particulate filters (PFs). Such emissions
treatment units can either be inductively heated in any
of the arrangements previously described or can be po-
sitioned to receive heat from an inductively heated up-
stream unit, whether that is the form of a section of a
longer substrate or in the form of a separate slice.
[0063] Other variations and modifications will be ap-
parent to those skilled in the art and the embodiments of
the invention described and illustrated are not intended
to be limiting. The principles of the invention contemplate
many alternatives having advantages and properties ev-
ident in the exemplary embodiments.
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[0064] According to another aspect of the invention, a
gas heater comprises a ceramic honeycomb substrate
body having a first plurality of passages extending the
length of the substrate body for transmitting a flow of gas
directed into the passages at one end of the substrate
from said one end to the other end thereof, a second
plurality of linear passages extending the length of the
substrate body, a first plurality of elongate metal inserts
substantially blocking respective ones of the second plu-
rality of passages, an electromagnetic field generator
configured to inductively heat the metal inserts and a
flowing gas source upstream of the substrate body for
producing said flow of gas. The flowing gas source can
be an internal combustion engine with the gas being gas-
eous emissions from the internal combustion engine. In
an alternative, the flowing gas source is a fan mounted
adjacent said one end of the substrate and operable to
blow air into passages of the first plurality thereof.
[0065] According to another aspect of the invention,
an assembly for use in treating gaseous emissions com-
prises a metal matrix and a plurality of passages through
the matrix for the passage of emissions gas through the
passages entering at one end of the metal matrix and
exiting at the other end of the metal matrix, an electro-
magnetic field generator configured to inductively heat
the metal in the matrix and thereby to heat emissions gas
passing along the matrix, and a substrate body having a
plurality of linear passages for receiving emissions gas
exiting from the other end of the metal matrix, the metal
matrix generally aligned with the substrate body. The
metal matrix can be one of an inductively heated coil, a
corrugated metal slice, a plurality of concentric metal
blades surrounding an open hub, a mesh of randomly
distributed metal filaments, a woven mesh of metal fila-
ment, and a honeycomb ceramic substrate with the ce-
ramic heavily doped with metal.

Claims

1. An assembly for use in treating gaseous emissions
comprising a first substrate body having a first plu-
rality of linear passages extending the length of the
first substrate body for the passage of emissions gas
from one end to the other end of the first substrate
body, a second substrate body having a second plu-
rality of linear passages for receiving emissions gas
exiting from the other end of the first substrate body,
the first substrate body generally aligned with, but
separated from, the second substrate body, one of
the substrate bodies having an elongate metal body
in each of a subset of the plurality of passages of the
one substrate body with concentration of metal per
unit volume in the one substrate body increasing to-
wards one end of said one substrate body, and an
electromagnetic field generator configured to induc-
tively heat the metal bodies and thereby to heat said
one substrate body.

10

15

20

25

30

35

40

45

50

55

12

2

10.

1.

12.

13.

22

The assembly as claimed in claim 1, wherein said
one substrate body is the first substrate body.

The assembly as claimed in claim 1, wherein said
one substrate body is the second substrate body.

The assembly as claimed in any of claims 1 to 3,
wherein the length of said one substrate body is a
fraction of the length of said other substrate body,
the fraction being between 2% and 50%.

The assembly as claimed in any of claims 1 to 4,
wherein the subset of passages occupied by said
metal bodies in the one substrate body has a range
between 1:2 and a 1:49 density occupation of the
plurality of passages in said one substrate body.

The assembly as claimed in claims 1 to 4, wherein
the subset of passages occupied by said metal bod-
ies in the one substrate body has a range between
1:4 and a 1:16 density occupation of the plurality of
passages in said one substrate body.

The assembly as claimed in any of claims 1 to 6,
wherein the first substrate body is separated from
the second substrate body by a distance of the order
of 2 to 6 mm.

The assembly as claimed in any of claims 1 to 7,
wherein the number of passages per unit area of the
first substrate body is different from the number of
passages per unit area of the second substrate body.

The assembly as claimed in any of claims 1 to 8,
wherein the metal bodies have length, the maximum
metal body length equalling substantially the length
of said one substrate body.

The assembly as claimed in any of claims 1 to 9,
wherein the elongate metal bodies are positioned
closer to a first end of said one substrate body than
to a second end thereof.

The assembly as claimed in any of claims 1 to 10,
wherein the shape of a rear face of the first substrate
body matches the shape of a front face of the second
substrate body.

The assembly as claimed in any of claims 1 to 11,
wherein the passages of the other substrate body
are open passages.

The assembly as claimed in any of claims 1 to 12,
wherein interior surfaces of the linear passages of
the other substrate body are coated with a first cat-
alyst material for accelerating gaseous emissions
treatment.
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