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Abstract:

Nippon Steel is pushing ahead with the development of high-performance
metal supports to meet increasingly stringent future automobile exhaust
gas regulations. The following characteristics are required of catalytic
converters: (1) high cleaning performance inherent in catalysts; (2) low
pressure loss to deliver desired horsepower; and (3) compact size to
ensure siting freedom. Metal supports are advantageous over ceramic sup-
ports in all of these three characteristics. Aiming at further functional
improvements, Nippon Steel is working to reduce the thickness of honey-
comb foils, optimize metal support design, and develop an integral mount-
ing method, among other things. The integral mounting method will con-
tribute to lowering total catalytic converter cost by adopting a fabrication
process that utilizes the flexibility of metals and making metal supports
equal to ceramic supports in terms of price competitiveness. An electrical-
ly heated metal catalyst (EHC) system is being completed as a future
technology.
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1. Introduction

Environmental conservation have been one of the most impor-
tant keywords for technology development in recent years and
will continue to be so in the future. Centering on exhaust gas
cleaning technology, the automobile industry has long took the
initiative in this field. Automotive exhaust gas cleaning Systems
depend to a large extent on exhaust system catalyst technology as
well as electronic control technology, such as for the air-fuel mix.
Particularly, catalysts were made indispensable for controlling

automobile emissions by the 1970 Clean Air Amendments (popu-
larly known as the Muskie Act) of the United States. In 1974,
catalytic converters were installed on 1975-model cars for the first
time in Japan . Initial catalytic converters used pellet catalysts
or pellets of activated alumina coated with such noble metals as
platinum and palladium. As a result of the progress of honey-
comb substrate manufacturing technology, monolith catalysts or
assemblies of minute tubes are now adopted on almost all auto-
mobiles because they offer low pressure loss and are light in
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weight?. Supports used as monolith catalysts are mostly
cordierite ceramic supports now. In recent years, increasing atten-
tion has been paid to metal supports composed of heat-resistant
stainless steel foils to achieve still lower pressure loss and higher
performance”.

Nippon Steel started developing metal supports in 1986 and
launched its metal support production business in 1991. Before
commencing its metal support business, the stable manufacture of
a durable support structure was Nippon Steel’s primary target,
and developing suitable materials, structures, and processes was
the major theme. Since the metal support business was launched,
the emphasis has shifted to developing technology for reducing
metal support product costs (a low-cost nonbrazing process has
already. been completed) and developing new metal support prod-
ucts of added functionality to meet even stricter exhaust gas emis-
sion standards expected to be introduced in the future.

In response to regulations in the United States and Europe,
Nippon Steel is developing a method of integrally mounting metal
foils and electrically heated catalysts (EHCs) with excellent initial
cleaning performance. This article introduces the design concepts
and technological outlines of these high performance catalyst sup-
ports.

2. Description of Metal Supports

Nippon Steel’s metal supports are described briefly here. The
metal support consists of a honeycomb core comprising flat and
corrugated ferritic stainless steel foils, each measuring 20 or so
micrometers in thickness and alternately formed into a spiral. The
honeycomb core thus formed is then inserted into a jacket. A
highly heat-resistant nickel-base filler metal is used to braze the
flat and corrugated foils and the honeycomb core and jacket.
Photo 1 shows a completed metal support. The metal support is
then coated with the catalyst and welded with the cones, flanges
and other parts to form a catalytic converter.

3. Development of High Performance Metal
Support

3.1 Description of high performance metal support

As an automotive component, the functions required of the
catalytic converter are high cleaning performance and low pres-
sure loss, if excluding the mandatory durability. Low pressure
loss is not directly related to exhaust gas cleaning performance,
but is indispensable for horsepower and fuel economy improve-
ments, and, therefore, is as important as the high exhaust gas
cleaning performance for the automobile.

Photo 1 General view of metal support
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Fig. 2 HC emission and conversion behavior at engine start”

The temperature at which an automotive emission control cat-
alyst becomes active is said to be about 600 K. At lower tempera-
tures, the catalyst does not properly function, resulting in exhaust
gas, containing hydrocarbons (HC), carbon monoxide (CO) and
nitrogen oxides (NO,), being released into the atmosphere. Fig. 1
shows the cumulative ratio of HC emissions per cycle to the total
HC emissions in the LA-4 mode, one of the exhaust gas test
modes. The catalyst is tested in its cold or cold-start condition.
Immediately after the cold start of the engine, the catalyst is not
fully warmed up. It is evident that 60% or more of the total HC
emissions are discharged in the first cycle®. Fig. 2 shows a more
detailed analysis of the first cycle. A large amount of HC is emit-
ted for about one minute after the start of the engine®. The engine
is stopped for 10 minutes when it returns from cycle 18 to cycle
1 during the test. During this time interval, there is the possibility
of the catalyst cooling below its active temperature.

To obtain high cleaning performance, therefore, it is impor-
tant to heat the catalyst to the active temperature region soon after
the start of the engine. This will minimize catalyst cooling and
maintain the catalyst at the active temperature when the engine is
stopped, and also shorten the time during which the catalyst is
inactive.

During the warm-up of the metal support, the thermal energy
of the exhaust gas is the only source of heat unless a special heat-
ing method such as electrical heating is employed. It is readily
understood that reducing the heat capacity of the honeycomb core
is advantageous for the early activation of the catalyst. The small-



er heat capacity is not conducive for retaining the activated cata-
lyst’s temperature after the engine has stopped. Such a mounting
method is required that allows for thermal insulation to prevent
thermal dissipation. The above discussion shows that the exhaust
gas cleaning performance of the metal support must be improved
simultaneously by enhancing the characteristics of the honeycomb
core and establishing a method of mounting the honeycomb core
that has a thermal insulation effect.

As shown in Fig. 3 and Table 1, the state of California in the
United States enacted the low-emission vehicle (LEV) standards
to reduce HC emissions to 1/150 of the unregulated levels”. In
Europe, similar regulations will be adopted around the year 2000.
These stringent standards require especially high initial exhaust
gas cleaning performance. A catalyst light-off method that
depends only on the thermal energy of the exhaust gas is some-
times unable to canter the problem of unconverted gas emissions
immediately after a cold start. In such a case, the technology of
externally heating the catalyst such as electrical heating becomes
indispensable.

3.2 Increase in functionality of honeycomb core
3.2.1 Light-off performance

As described above, the catalyst during a cold start is heated
by the thermal energy of the exhaust gas. The lower the heat
capacity of the support, the faster the catalyst will be activated.
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Fig. 3 Changes in emission regulations in California, United States

Table 1 NMOG standards and proportions of low-emission vehicles in
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Table 2 compares the pioperties of a general metal support with
a conventional ceramic support. Assuming the same wall area,
the heat capacity of the support per unit wall area (kJ/K-mr’) is
theoretically calculated as specific heat (kI/kg-K) X density
(kg/m®) X {1 - void fraction (%)/100}/geometrical surface artea
per unit reactor volume (m?/n’). The calculated value is 0.09 for
the metal support and about two-thirds lower compared with the
0.25 for the ceramic support. When coated with approximately 20
micrometers of washcoat, the metal support can fully retain its
advantage. Nippon Steel is developing foil supports to reinforce
the advantage of metal supports.

Fig. 4 shows the CO conversion efficiency measurements
from a cold start to an idling condition of catalytic converters
with metal supports composed of foils 20, 30, and 50 pum in
thickness. Sharp improvements in the CO conversion efficiency
are noted with the foil supports of the 20- and 30-um thicknesses.
This means that lowering foil thickness is effective in improving
the cold-start exhaust gas cleaning performance of the metal-sup-
ported catalytic converters during the initial operation of the
engine.

When foil thickness is reduced, however, foil stiffness dimin-
ishes by such a degree that the foils are deformed as they are
twisted into the honeycomb core. Honeycomb cores are difficult
to fabricate stably from foils less than 50 um in thickness.

Table 2 Comparison of properties of metal support and ceramic support
at cell density of 400 cells/in® (excerpted from references*® with
some modifications)

California
Year |Existing vehicles | TLEV | LEV jULEV | ZEV* NMOG standard average

0.039 | 0.25 |0.125 [0.075 | 0.04 0 (g/mile)
1994 1 10% 80% 10% 0.250
1995 85% 15% 0.231
1996 80% | 20% 0.225
1997 3% 25% | 2% | (2%) 0.202
1998 48% 48% | 2% |(2%) 0.157
1999 23% 3% | 2% | Q2%) 0.113
2000 9% | 2% | (2%) 0.073
2001 90% | 5% | (%) 0.070
2002 85% | 10% | (5%) 0.068
2003 75% | 15% |(10%) 0.062

*Specified (as of April 1996, ZEV standards will be postponed to 2003)
Source: California Air Resources Board (CARB)

Metal support Ceramic support
Material Ferritic stainless steel Cordierite
(Fe-20Cr-5Al ) (2Mg0-2A1:05-58i0;)
Specitic heat (kJ/kg-K) 0.5 1.0
Density (kg/m?) 7.2X10° 2.5-2.7X10°
Thermal conductivity (W/m-X) | 23.3 1.0
Coefficient of thermal 15X 1076 0.6X10-¢
expansion (K-")
Standard wall thickness (m) | 50X10-6 150X 106
Void fraction (%) 91 73
Cell shape [0 R
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Fig. 4 Change in CO conversion under idling conditions after cold start
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Nippon Steel is striving to develop the technology to fabricate
metal supports from such thin foils.

The design of a metal support with high light-off behavior
calls for factors, other than the heat capacity of foils, to be taken
into account. For example, Oh and Cavendish” described the
light-off behavior of a honeycomb core exposed to an exhaust gas
stream, using the following three equations, and simulated the
exhaust gas cleaning performance of the honeycomb core.

1)Basic equation based on the heat balance of the honeycomb
core:

(12, 2CesT

ot
ST M
=1~ )5 +hS (Ty-Tu)+alx) 3 {-AH) Ri(c, T
2)Basic equation based on the heat balance of the exhaust
gas:
aT oT;
e Crig =" Vo Cpg o thS(Ts=Ty) L o))
3)Basic equation based on the mass transfer of the exhaust
gas:
Ocei_ By
€ a: =-y a; "‘km.iS(Cg.i_Cs.i)v """ (3)
where e = void fraction of the honeycomb core; p, = solid

density; o, = gas density; C, = specific heat capacity of the
solid; C,, = specific heat of the gas; t = time; T, = solid tem-
perature; T, = gas temperature; A, = thermal conductivity of
the honeycomb core; v = flow velocity of the gas; x = coordi-
nate along the flow direction; h = heat transfer coefficient; S =
geometrical surface area per unit reactor volume; a(x) = catalytic
surface area per unit reactor volume (a measure of catalytic activ-
ity); (-AH), = heat of combustion of species i in the exhaust
gas; Ri (c,, T.) = reaction rate for species i at T, where ¢, is the
gas coposition;c, ; = concentration of species i in the bulk gas; c,;
= concentration of species i on the solid surface; and k,; = mass
transfer coefficient of species i in the exhaust gas.

Figs. 5 and 6 show the CO conversion efficiencies simulated
by the above basic equations when the inlet gas temperature is
600 and 700 K, respectively. When the inlet gas temperature is
high, it is natural that the light-off performance of the catalyst
should be high. Note that when the inlet gas temperature is 600
K, the light-off time of the catalyst decreases with decreasing cell
density and that when the inlet gas temperature is 700 K, this
behavior is totally reversed. This difference in light-off behavior
may be explained as follows. When the inlet gas temperature is
low, the heating rate is controlled by the heat capacity of the hon-
eycomb core (first term on the left side of Eq. (1)), and the light-
off performance of the catalyst improves with decreasing honey-
comb core cell density. When the inlet gas temperature is raised,
the light-off behavior of the catalyst is controlled by the heat
transfer between the honeycomb core and the exhaust gas (second
term on the right side of Eq. (I) and second term on the right
side of Eq. (2)). Rapid catalyst light-off is favored by cell density
with large geometrical surface area per unit reactor volume”.

The inlet gas temperature varies with the engine type and con-
trol method or with the location of the catalytic converter. The
amount of cell density must be optimized to suit the environment
where the catalytic converter is to be mounted. When the catalytic
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Fig. 5 Change in CO conversion from cold start when inlet gas tempera-
ture is 600 K”

100

[+
[=]
T

in_
Tg = 700K

=)

=)
T
=]
3
[=]

31.0 Celis/cm?

£
(=]
T

CO conversion (%)
1
r

20—

| ] | 1 J
0 2 4 6 8§ 10 12 14 16 18 20

Time (s)

Fig. 6 Change in CO conversion from cold start when inlet gas tempera-
ture is 700 K*

converter is located directly below the exhaust manifold where
the exhaust gas temperature is especially high, for example, the
light-off performance of the catalyst may be effectively enhanced
by reducing the heat capacity of the honeycomb core with the use
of thinner foils, increasing the cell density, and raising the heat
exchange area between the exhaust gas and the cell walls.

From a design freedom viewpoint, Nippon Steel has the tech-
nology to change the cell density from 50 cells/in? (7.87
cells/cnr’) to 600 cells/in* (93 cells/cny’), and can design honey-
comb cores under optimum conditions for specific locations.
3.2.2 Low pressure loss

When the catalytic converter is used to clean exhaust gas,
pressure loss in the exhaust gas invariably increases as it passes
through the large-surface-area honeycomb structure. If the pres-
sure loss is reduced while maintaining the desired exhaust gas
cleaning capacity, fuel consumption can be reduced, leading to
improved performance overall.

When ceramic and metal supports with a cell density of 400
cells/in’ (62 cells/cmy®) are compared in pressure loss, the void
fraction is 73% for the ceramic support with a wall thickness of
150 um and 91% for the metal support with a wall thickness of
50 um. See Table 2. Since the metal support’s void fraction is
greater, it is considered to have a smaller pressure loss™.

The gas pressure loss across channels with the length far
greater than the cross-sectional area, as observed with catalytic
supports, is mostly accounted for by the frictional loss between
the gas stream and the channel wall surface. The frictional pres-



sure loss can be described by Darcy’s equation. From the equa-
tion, it is derived that the pressure loss changes not only with the
void fraction of the honeycomb core but also with the geometric
surface area per unit reactor volume and the cell length. If the
catalytic support is designed according to the desired void fraction
alone, its pressure loss properties may be degraded.

As shown in Fig. 7, the pressure loss of the exhaust gas
stream through the individual cells of the honeycomb core arises
from sudden decreases and increases in charnel cross-sectional
area at the cell inlet and outlet, respectively, and from the friction
between the exhaust gas stream and the cell wall. When the flow
in each channe! is laminar (the Reynolds number Re is less than
2,300), the frictional pressure loss per cell is given by:

32ulveen @)
d

Ap=
or
Ap=-—-—Lo.v u?
Red. 2%

where = viscosity coefficient; L = channel length; v . = gas
velocity in the cell; and d. = equivalent diameter.

The factor 64/Re on the right side of Eq. (5) is Darcy’s fric-
tional factor in circular pipe. This value is about 57/Re for typical
square cells in ceramic supports and about 52/Re for cells of
right-angled isosceles triangle-shaped section in metal supports.
When compared in terms of cell shape, the metal supports have a
pressure loss about 9% smaller than that of the ceramic supports.

Using d. = 4s/¢ = 4e/Sand v = v/ e, the pressure
loss equation for cells of right-angled isosceles triangle-shaped
section may be rewritten as follows:

_32uLu(v./E) _1.625uLv S

Ap= (4e/S)? e e (6)

where s, = cross-sectional area of the cell; ¢ = circumferential
length of the cell; S = geometrical surface area per unit reactor
volume of the honeycomb core; e = void fraction of the honey-
comb core; and v, = gas velocity outside of the cell (or gas
velocity just before entry into the cell). When the gas velocity is
equal, the frictional pressure loss is directly proportional to the
cell length L and the square of the geometrical surface area per

Exhaust Pressure loss due to sudden
gas decrease in channel cross-sectional

Pressure loss due to friction between
channel wall and exhaust gas stream

NIPPON STEEL TECHNICAL REPORT No. 70 JULY 1996

unit reactor volume S and inversely proportional to the cube of
the void fraction e . A larger void fraction ( € *) reduces friction- '
al pressure loss, but frictional pressure loss increases if the geo-
metric surface area per umit volume S or the channel length L
affects it greater than the void fraction. -

To describe the frictional pressure loss equation more accu-
rately, Hawthorn derived the following equation by considering
the surplus pressure loss in the development stage of a boundary
layer near the cell inlet':

_6d4 L1 2 deyos
AP—R_e 4 g Psveen (1+0.0445Re L) ...... 0

The pressure loss for turbulent flow (Re > 2,300) in a
smooth-surfaced pipe can be obtained by the following empirical
formula of Blasius':

_0.3146 L 1

AP—W d. Y,Ogycellz ...... 8)

The pressure loss for a sudden decrease in the cross-sectional
area at the entrance of a pipe line and for a sudden increase in the
cross-sectional area at the exit of a pipe line can be calculated by
the frictional pressure loss equation to which the following is
added":

(1—s)l+(61:——|)z oo (v /e)?

o 00418 )
. Cc =0.582 +I.T—_s°'5

With a general catalytic support size (cell diameter of about 1
mm and support length of about 100 mmy), however, the pressure
loss due to friction in each cell is far greater than the pressure
loss at the entrance or exit. It is safe to assume that the pressure
loss across the catalytic support occurs due to pipe friction.

Fig. 8 shows the pressure loss across honeycomb cores meas-
ured using room-temperature air. The solid line indicates the cal-
culated values by Eq. (7) or a pressure loss equation in the lami-
nar flow region. The broken lines indicate the calculated values
by Eq. (8) or a pressure loss equation in the turbulent flow
region. The filled squares (m) indicate the measured values. When

Pressure loss due to sudden increase in
channel cross-sectional area
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Fig. 7 Schematic illustration of pressure loss in honeycomb core cells mechanism



NIPPON STEEL TECHNICAL REPORT No. 70 JULY 1996

450 i | *

400 Laminar flow ','
= 30— ====-" Turbulent flow <
< L,
E 300 [] Measured value g' \
= , 5
5 25 - 4eells/cnt
g 200
© R
5 150 - 7 —u
o 100 a { N

50 % ridd — m-~ 1 l4cells/cm?

~- 3
0 e =
0 10 20 30 40

Gas velocity v (m/s)

Fig. 8 Pressure loss across honeycomb core

the cell density is low (14 cells/cm?), the exhaust gas stream is
high in the Reynold’s number and falls in the turbulent flow
region. When the cell density is high (54 cells/cm?), the exhaust
gas stream falls in the laminar region. The calculated values
approximately agree with the measured values. This means that
the pressure loss characteristics of catalytic supports can be
derived by the above-mentioned equations.

According to the above discussion, the pressure loss across
the metal support can be reduced by decreasing the void fraction
of the metal support. To reduce the pressure loss due to friction
in the cells, it is important to: 1) decrease the cell density to
decrease the geometric surface area per unit reactor volume of the
honeycomb core; 2) increase the cross-sectional area of the hon-
eycomb core to lower the velocity of the exhaust gas through the
cells; and 3) decrease the length of the honeycomb core. A reduc-
tion in the specific surface area cuts the exhaust gas cleaning per-
formance of the catalytic support, and a rise in the cross sectional
area of the honeycomb core increases the space required for
installing the catalytic converter. These conditions need not be
met at the same time. As described with respect to the conditions
to obtain high light-off behavior in the previous section, it is nec-
essary to design the cell density and size by considering the envi-
ronment where the catalytic converter is to be installed or accord-
ing to whether the property to be emphasized on the automobile
that the catalytic converter is to be installed is high exhaust gas
cleaning performance or low pressure loss.

It is said to be very difficult to design ceramic supports with a
desired cell density or size. Nippon Steel’s metal support manu-
facturing technology is at such a level that the cell density and
size of metal supports can be designed as required for specific
catalytic converter applications.

3.3 Functionality of integral mounting method

As already described, the catalytic support is cooled by a
mechanism different from that of heating, or is cooled by heat
radiating from the jacket. The conventional metal support that has
a honeycomb core in direct contact with the jacket is clearly dis-
advantageous with respect to cooling because heat readily con-
ducts from the honeycomb core to the jacket. To thermally insu-
late between the honeycomb core and the jacket, Nippon Steel
developed the integral mounting technology of fabricating the cat-
alytic converter integral with the exhaust pipe using a heat-insulat-
ing seal, thereby preventing the catalyst to cool when the engine
is shut down. Fig. 9 schematically illustrates the integral mount-
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Jacket Temperature distribution
on cooling

+ Welding of cones and flanges Temperature

Integral mounting type
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Fig. 9 Schematic illustration of integral mounting method
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Fig. 10 Changes in CO and HC conversions during idling after cooling
from 1,173 K for 13 minutes

ing method. This method is confirmed to provide sufficient struc-
tural durability.

An integral mounted metal support and a conventional metal
support without seal were heated to 1,173 K, cooled in air for 13
minutes, and investigated for CO and HC conversion efficiencies
in the idling condition. The results are compared in Fig. 10. The
conventional non-heat-insulated metal support converts practically
no HC and CO immediately after a cold start. The integral
mounted metal catalyst begins to convert CO immediately after
starting the engine and converts HC a few seconds later. The heat
insulation is effective in preventing the cooling of the metal sup-
port when the engine is stopped.

Based on its heat retention capability, the integral mounting
design improves the exhaust gas cleaning performance of the cat-
alytic converter. The cost of the metal-supported catalytic con-
verter can also be cut down substantially by a fabrication process
that takes advantage of metal’s flexibility. Coupled with the foil
downgauging and pressure loss reduction techniques, the integral
mounting method can retain a performance advantage over the
ceramic-supported catalytic converter.

Sections 3.2 and 3.3 covered the functional improvement of



the metal honeycomb core and the development of the integral
mounting method. The development of technology to capitalize on
the potential of the metal support is Nippon Steel’s most pressing
issue.

3.4 Electrically-heated catalytic support

As noted in Section 3.1, there are moves to adopt very strin-
gent automotive exhaust gas control standards in California and
Europe. Such policies make it imperative to substantially improve
the cold-start cleaning performance of catalytic converters by
adding functions lacking in conventional catalytic supports. To
obtain cold-start exhaust gas cleaning performance immediately
after the start of an engine, a method known as electrically heated
catalytic support (EHC) is proposed. This involves electrically
heating the foils comprising the catalytic support and warming the
catalyst"™".

It is known that HC emissions can be reduced by electrically
heating the entire catalytic support with about 4 kW of electric
power”. The maximum amount of power that can be reasonably
supplied from an ordinary battery is about 1.5 kW. An EHC
requiring 4 kW of power is not practical for any vehicle configu-
ration®. EHCs with high cold-start conversion efficiencies using
low power are the focus of research in this area'™'®.

Considering that two EHCs are required for a V engine,
Yoshizaki et al.” proposed a “surface layer-heated EHC” that
assures a high cold-start conversion efficiency with a low-power
input of less than 1 kW. This concept is described below.

Minute scattered regions on the exhaust gas upstream end of
the EHC are first heated in a concentrated manner. Photo 2
shows an example of the concentrated heating pattern. Since the
portions to be electrically heated are small in area, the catalyst
reaches the light-off temperature in a few seconds after the appli-
cation of the small power, oxidizes CO or HC, and generates a
large amount of reaction heat. The reaction heat is described by
the third item on the right side of Eq. (1) in Section 2.2.1. This
reaction .heat warms sequentially adjacent regions and activates
the catalyst there. The net result is high exhaust gas cleaning per-
formance with provided by low electric power soon after the
engine start.

Nippon Steel is working jointly with Toyota Motor Corp. on
the development of the process for manufacturing a low-power
EHC based on the above-mentioned concept. With the surface
layer-heated EHC under development, the honeycomb core is
resistively heated by applying voltage between the electrode posi-

Photo 2 General view and heat generation pattern of EHC
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tioned at the center of the support and the jacket.

The support is electrically insulated in the radial direction by
coating the foils with an insulating material. The foils are made of
the stainless steel YUS 205M1, an Fe-20Cr-5Al alloy developed
by Nippon Steel that contains trace amounts of lanthanum afid
cerium, among other elements. When the foils made of the alloy
are heated in air, a strong alumina film of high adhesion is
formed on the foil surface to facilitate the application of the elec-
trically insulated coating'™. The support is joined by a special
method to break the electric insulation in some sections. Electric
current flows short circuits these joints, generating heat at the
joints. To deliver equivalent exhaust gas cleaning performance,
the electric power required for the newly developed surface layer-
heated support is reduced to one-fifth of that required for a total-
ly-heated metal honeycomb core.

The BHC features a conductive path, therefore its durability
is difficult to achieve using the structural fabrication process® uti-
lized to make conventional metal supports. Now that the method
of mechanically holding the honeycomb core is established, the
EHC can acquire the same reliability of a heat-resistant structure
as required for general metal suppotts.

Based on the aforementioned basic technology, the develop-
mental work is continuing for mass production in the near future.

4. Conclusions

Catalytic converters must meet the following requirements:

(1) high exhaust gas cleaning performance to satisfy the
essential purpose of the catalyst;

(2) low pressure loss to deliver the necessary horsepower of
the automobile; and

(3) small size, allowing mounting in any location.

Metal supports have long been known to be advantageous
over ceramic supports for these characteristics. In its research,
Nippon Steel has been reducing the heat capacity and pressure
loss of the honeycomb core, improving the light-off behavior, and
assuring the desired conversion performance by using thinner
foils. It is also striving to improve the properties of the metal sup-
port by optimizing the design of the metal support (concerning
shape, size and cell density); and to maintain the high conversion
performance of the metal support by improving the heat insulation
capacity with the use of an integral mounted metal support. These
efforts are bearing exceptional results. High cost has been one
disadvantage of metal supports. The total cost of catalytic con-
verters is being reduced by adopting the process whereby compo-
nent parts are assembled into one piece by taking advantage of the
flexibility of the metal support. Metal-supported catalytic convert-
ers are now as price competitive as ceramic-supported catalytic
converters. ‘

Nippon Steel took the initiative in developing the EHC or
electrically heated catalytic support in response to increasingly
demanding future exhaust gas control standards. A “surface layer-
heated EHC” is being perfected as an electric power-saving unit
with high conversion efficiency.

The authors firmly believe that the high cost performance
accomplished by completing the above-mentioned developmental
work and the combination of the individual technologies will
assure the advantage of metal supports over ceramic supports and
will help metal supports to supplant ceramic supports in the cat-
alytic support market.
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