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ERRATA/ADDENDUM - 1
to

AUTOMOBILE SULFURIC ACID EMISSION CONTROL -~
THE DEVELOPMENT STATUS AS OF DECEMBER 1975

Corrections

The following corrections should be made to the above-captioned report:

Page 1-2 The third paragraph should be replaced with the following:

"Production lead time for the 1979 model year could become
important for the improved air injection:-systems if development
work is not started very soon. The advantages of improved air -
injection or improved fuel metering are not very apparent until
standards of 0.41 HC and 3.4 CO along with sulfuric acid emission
standards are required to be met. This is because air injection
is considered more likely to be used to meet these more stringent
HC and CO standards." ' '

Appendix I, page I-17 An asterisk(*) should be added following the

page heading "ADDRESSEES" and the following footnote should be
added at the bottom of the page:

"A letter substantially the same as that reproduced on pages
I-1 through I-16 was also sent to the Automobile Importers of
America, requesting that that organization make available to
its members copies of the information request and the outline."

Addendum

Control of air injection was indicated in the report to be
a potentially promising technique to control sulfuric acid emis-
sions.” Little data were available on such systems at the time
the report was prepared. Such a systen has been tested recently.
Preliminary, low mileage, tests on a Chevrolet Laguna with a
controlled air injection system are shown below. The system is
controlled by dumping the air injection.

"The results may be confounded, because dynamometer bearings were

replaced during the test sequence. The tests are to be re-run.

Table Addendum-1

(2)

Gaseous Emissions, 1975 FTP(l) . Sulfuric Acid Emissions,SC
grams per mile , (milligrams per mile)
System Configuration -  HC co NOx Average - Range
Full Air 0.51 3.54 1.57 32(3 20 to 39.9
0.45 4.65 1.53 . : . :
Average 0.48 4,10 1.55
Controlled Air . 0.33 3.61 1.54 : '9.6(4) 6 to 16.3
©0.36 5.28 - 1.39 ' -
0.31 5.21 1.38
Average 0.33 4.70 1.44

(1) LA-4 driving cycle, using the dilution tunnel, (2) Sulfuric Acid dfiving

cycle and test procedure, (3) 8 tests, (4) 12 tests.
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SECTTION 1

EXECUTIVE SUMMARY

The sulfuric acid emissions from current production and prototype
vehicles vary greatly as shown in Table 1-1.
Table 1-1

Sulfuric Acid Emissions from Baseline
Program Vehicles

Type of Emission Sulfuric Acid
Control System Emissions, mgpm*
Range Approximate Mean

Non-catalyst 0 to 3 1
Oxidation catalyst w/o

air injection 0 to 118 8
Oxidation catalyst w/air

injection 0 to 123 30
3-Way Catalyst 0 to 2 1

The most important parameter in the formation of sulfuric acid
emissions appears to be the oxygen level in the exhaust gas to the
catalyst. The significant difference in sulfuric acid emissions between
the catalyst-equipped vehicles with and without air‘ihjéction ig attri-

buted to this oxygen level effect.

Current technology which has demonstrated low (below 10 mgpm)
sulfuric acid emissions has also demonstrated the capability to certify
at the California emission levels of 0.9 HC, 9.0 CO, 2.0 NOx. About 20
percent of the estimated sales for 1976 in California have non-catalyst
or catalyst without air injection control systeﬁs. Prototype 3-way
catalyst vehiclés, which also have low sulfuric acid emissions, have
been successfully operated to 50,000 miles at emission ievels below the

California leveis.

*Milligrams per vehicle mile on the sulfuric acid test procedure, the
SC-7 with 300 ppm sulfur in the fule. A milligram is one one-thousandth
-of a gram, or about 0.00004 ounces.
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The mdst promising future sulfuric acid control technique is:
control of the exhaust gas oxygen levels by improved fuel metering
systems and/or improved air injection systems. Oxidation catalyst, 3-
way catalyst, and dual catalyst emission control systems are all com-
patible with oxygen level control systems. Other important control
techniques may be developed as sulfuric acid control system development
programs are comﬁenced. Most of the experimental work which has been
done to date has been related to the characterization of production
emission control systems, and relatively few data ére avéilable on
advanced systems, especially those designed with sulfuric acid control

in mind.

However, meeting standards more stringent than 0.9 HC, 9.0 CO, 2.0
NOx gaseous emissions while controlling sulfuric acid emissions is not
precluded. The degree of difficulty in meeting more stringent HC and CO

emissions may be increased, depending on the control techniques used.

Production lead time for the 1979 model year could become important
for the improved air injection systems if development work is not. started
very soon. The advantages of improved air injection or improved fuel

metering are not very apparent until the 0.41 HC and 3.4 CO levels.

The lack of a finalized test procedure for sulfuric acid emissions
and the lack of a sulfuric acid emission standard have caused some
manufacturers to defer from starting serious development programs. The
test procedure is still being developed by EPA. The Notice of Proposed
Rule Making, (NPRM) is now scheduled for publication in May of 1976.
Variability in test results over the sulfuric acid test éycle, the SC7,
has continued to be a problem, for EPA and the manufacturers. This
problem is expected to be alleviated as more is learned about sulfuric

acld emissions and the test procedure is standardized.



From the manufacturers' point of view, the HC, CO, and NOx emission

standards need to be firmed up for the 1979 model year. Not doing so

within the next few months could result in lead time problems if stringent

HC, CO and NOx levels are instituted, in conjunction with stringent

sulfuric acid standards.
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SECTION 2

INTRODUCTION AND BACKGROUND

2.1 Introduction

This report has been prepared to summarize the current status of
sulfuric acid emission control technology development and to provide
information for the Administrator and others within EPA on the impacts

of approaches likely to be used to control sulfuric acid emissions.

The information used to prepare this report came from four main
sources: 1) EPA in~house testing, 2) contracted efforts sponsored by
EPA, 3) the technical literature, and 4) information supplied to EPA by
automobile manufacturers and others at the request of EPA., A copy of the l
letter feqﬁesting the information, a list of the information desired,
and a list of the organizations to which the request was made can be

found in Appendix I of this report.
This.report does not contain any discussion of or conclusions about
the health effects of sulfuric acid or the air quality impact of sul-.

furic acid emissions.

2.2 Background

Intéfest in sulfuric acid emissions from automobiles became greatly
expanded during 1973. 1In 1972 tests for particulate emissions run by an
EPA contractor showed that the particulate emissions from vehicles
equipped with oxidation catalysts and run using unleaded fuel were
higher than the particulate emissions from non catalyst-equipped ve-

hicles, also run using unleaded fuel. This was not generally expected



at that time since the majority of the particulate from non catalyst-
equipped'yehicles, run using leaded fuel was found to be lead, and the
use of unleaded fuel was expected to reduce the parﬁiculate emigsions
from both catalyst-equipped vehicles and non catalyst-equipped vehicles.

to the same extent.

Since‘the catalysts in question had been furnished by the Ford
Motor Company, they requested and were given the filters used in the
particulate testing; subsequent analysis showed the presence of sulfuriec
acid. Ford informed EPA of the results of their analysis in a February 5,
1973 letter from Mr. H. L. Misch to Mr. Robert Sansom, then the Assistant
Administrator for Air and Water Programs of EPA.

EPA began to expand its work to characterize sulfuric acid emissions

from motor vehicles soon after that.

On March 8, 1974 a notice was published in the Federal Register

requesting the submission of information about measurement methods and

control technology for sulfuric acid emissions.

The sulfuric acid issue was also discussed at two public hearings
held by EPA early in 1975. These two public hearings were the hearings
on the applications for suspension of the then 1977 HC and CO standards,

and a related hearing on sulfuric acid emissions.

The Decision of the Administrator of EPA on the applications for
suspension of the 1977 HC and CO standards discussed the sulfuric acid
issue extensively. In that Decision, the Administrator indicated that
EPA would soon publish a Notice of Proposed Rule Making (NPRM) for a
sulfuric acid emission standard. The standard was targeted to be appli-
cable toAmetor vehicles for the 1979 model year. Since that time, EPA

has embarked on an intensive program to determine the impacts of
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various motor vehicle standards, to develop certification feasible test
procedures, and to publish the NPRM. At the time of this report, the
target date for publication of the NPRM was May 1976.

2.3 Nomenclature

The gaseous emissions results in this report are reported in the
usual triplet abbreviation in the following manner: 0.41 HC, 3.4 CO,
1.2 NOx, which means 0.41 grams per mile hydrocarbons, 3.4 grams per
mile CO, and 1.2 grams per mile NOx, all gaseous emissions determined on
the 1975 Federal Test Procedure (FTP). Since this report deals with
sulfuric acid emissions, the report team has added another abbreviation
to the triplet to correspond to milligrams per mile (mgpm) of sulfuric
acid (HZSOA)" The test procedure for sulfuric acid is just in the
process of being finalized, and the report team has used values for
sulfuric acid emissions based on the latest test cycle, the so-called
sulfate cycle number seven (SC7). The test procedures are discussed in
Appendix II. A vehicle that achieved the abovementioned gaseous emis-
sions on the 1975 FTP and for ex;mple 28 milligrams per mile sulfuric
acid on SC7 would be reported as 0.41 HC, 3.4 CO, 1.2 NOx; 28 HZSOA'

Other notations that may be used are LA4 which is the Federal urban
driving cycle used for the FIP; the 1972 FTP which is the older, no
longer used,'version of the 1975 FTP which does not include the hot
start; SC1 and other numbers which are earlier versions of the sulfuric
acid cycle. Other test conditions for which there are data are at steady
state cruise. These are labeled "SS". For example 60SS means 60 miles

per hour, steady state cruise.

Other abbreviations that may appear are FET (for fuel economy test)
and HWFET (for highway fuel economy test). These both refer to the EPA
Non-Metropolitan Driving Cycle. This cycle is used by EPA to determine

what are referred to as highway fuel economy numbers.
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Fuel economy is reported in miles per gallon (MPG). MPG Values
determined on the 1975 FTP are labeled MPGU ("U" for urban) and values
determined on the Non-Metropolitan Driving Cycle are labeled MPGH ("H"
for highway). Results labeled MPGC are a composite value from the fol-
lowing relationship:

MPGC = 1/((.55/MPGU) + (.45/MPGH)).

The abbreviation used for inertia weight is IW. Inertia weight
refers to the test weight used for gaseous emissions, sulfuric acid and

fuel economy determinations.

All sulfuric acid emission results from gasoline fueled vehicles
have been converted to the equivalent basis of a fuel containing 0.030
percent by weight sulfur. This is a sulfur level considered to be the
most typical of the average unleaded, regular fuel currently available.
The conversion was done by linear ratio of the sulfur levels of the
fuel. As an example, a vehicle that got 12 HZSO4 on 0.010 percent by
weight sulfur fuel would be converted to 12 (0.030/0.010) = 36 H2804.

For distillate-type fueled vehicles, such as Diesels, the same
procedure was followed except in this case the value of the average fuel

was taken to be 0.21 percent sulfur by weight.
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SECTION 3
CONCLUSTONS

Caveat

In a field such as emission control technology in which rapid
developments and increases in understanding are continually being made,
any conclusion must be viewed with the understanding of the time at
which it was made. This is and has been the case for gaseous emission

control technology and is even more true for sulfuric acid emission

control technology.

Conclusions

® Control of sulfuric acid emissions from automobiles

is still in the infant stage of development.

Manufacturers are working now in 1975 to meet an unknown standard
for model year 1979. This can be compared to the years 1970-1971 when
they were working to meet known standards in 1975-1976. This report
concludes that the situations are similar -~ new test procedures -new
technology needed - and a position very low on the learning curve. Many
techniques and approaches for controlling sulfuric acid emissions remain

to be explored.

® Domestic manufacturers are somewhat ahead of most foreign

manufacturers in preparing to meet sulfuric acid

standards.

The clear message from the responses to EPA's request for informa-

tion on the studies of sulfuric acid emissions from the majority of the
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foreign manufacturers was that they are waiting to see what final test
procedures and standards will be proposed before they mount an effort to
meet the staﬁdards. Some of the foreign manufacturers do not even have
the test equipment needed to measure sulfuric acid emissions, let alone
have data and rational development plans. Though in fairness, some
foreign manufacturers, particularly Toyota and Nissan, have made signifi-
cant contributions to the understanding of sulfuric acid emissions
despite theblong,lines of communication between EPA and their research

centers.

® Some manufacturers appear to be concerned about the vari-
ability of test results, and will probably maintain that EPA
has no business setting standards until the test results are

less variable.

It is true that the test procedures for sulfuric acid testing are
relatively new and that some important parts of the certification-
feasible procedures currently remain to be finalized (especially the
vehicle preconditioning). However, test result variability for both
gaseous emissions and sulfuric acid emissions has always been a com-
bination of both test procedure variability (driver, sampling, analyses,
etc.) and vehicle variability (the vehicledoes not perform exactly the
same way on each test). The manufacturers always strive to reduce
vehicle variability, and based on their comments and EPA's own work, EPA
strives to reduce test variability. This has always been the case with
gaseous emissions and will likely continue to be the éase with sulfuric
acid emissions, although it is true that the causes of vehicle vari-

ability during sulfate testing are relatively unexplored now.

® Considering the abovementioned caveat and the pre-
ceeding conclusions, the analyses conducted in concert
with this study resulted in estimates of the sulfuric
acid emission levels that could be met in 1979 for
various concurrent gaseous emissions standards as

shown below.



: Table 3-1
Ranges of Sulfuric Acid Emission Levels and
Gaseous Emission Standards for Model Year 1979

Gaseous Emissions Sulfuric Acid Emissions

(grams per mile, 1975 FTP) (milligrams per mile, SC7)
HC co - NOx \ H2504

1.5 15 3.1 ' 5-15
1.5 15 2.0 5-15

0.9 9.0 2.0 5~15

0.9 © 9,0 1.5 ' 5-15

0.41 3.4 2.0 5%-50

0.41 9.0 1.5 5%_50

0.41 3.4 1.0 5*-50

0.41 3.4 0.4 5%_50

At this point in time, thé best estimates that can be given involve

the use of ranges. There are four basic reasons for this:

1. The technology for controlling sulfuric acid emissions is just

now being considered for development.

2, There is variability in the test results now and the test procedure
is still not finalized.

3. Several different technical approaches could be used to meet the
gaseous emission standards and their likely sulfuric acid emissions

are not the same.

4, Not many sulfuric acid emission data are available from advanced
gaseous emission control systems that were designed without con-
sideration for sulfuric acid emissions, let alone systems that

were designed with sulfuric acid emission control in mind.

The lead time for the introduction of 3-way catalysts by all manu-
facturers and the 50,000 mile durability of 3-way catalysts at these
gasebus emission levels is uncertain.
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As time goes by and the technology and understanding advances, the

ranges will, of course, narrow.

The deterioration factor assumed for the sulfuric acid emission
levels is 1.0 to reflect maximum sulfuric acid emissions at the 4,000 mile
point. The lower bound of the sulfuric acid emissions in table 3-1
represents“the‘lowest technically achievable standard for sulfuric acid_
at the given gaseous emission standard. Thus this maximum effort for
sulfuric acid control is assumed to force 3-way catalyst technology at
the .41 HC levels and no catalyst or low excess air, catalyst technology
at the .9 HC levels. This estimate would involve the greatest effort on
the part of the manufacturers. This also means that it will be more
difficult to certify at both the given gaseous and sulfuric acid levels.
The highest level in the range assumes only moderate technological
improvements and leaves more technological options open to the manu-
facturer. This highest level also involves a much lower risk of all
manufacturers being able to certify. These ranges include lead time,
variability, and technological considerations; however it does not mean
that all cu;rently produced emission control systems of each manufacturer

will be capable'of certification.

Table 3-1 éhould not be interpreted to mean that low gaseous emis-
sion levels ;ahnot be achieved along with low sulfuric acid emissions.
Three-way catalysts have the potential to do both. Also, other technologies,
particularly limited AIR oxidation catalyst approaches are still relatively
unexplored. What should be interpreted from table 3-1 is that it would
be more difficult for the manufacturers to certify vehicles at both

stringent sulfuric acid and gaseous emission standards.

It should be recognized that, as with emission control systems for

regulated gaseous emissions, EPA does not dictate the control technology



to be used td control sulfuric acid emissions. That éhoice is left to
the individual vehicle manufacturers. EPA only establishes the level

that the manufacturers' vehicles are required to meet for each pollutant.

As the gaseous emission standards and the sulfuric acid emission
standards become more stringent, however, the number of system choices

open to the manufacturers becomes more limited.

- ® Manufacturers that are doing anything at all in
sulfuric acid emission work, currently appear to
be doing more in the procedures area than in the

systems development area.

There'coﬁld be several reasons for this. The manufacturers could
be walting until they are forced to meet a sulfuric acid emiésion
standard, via promulgation of one. However, there are other factors
that must be considered. Developing an expertise in the test procedure
area is one important first step, and it is arguable whether series or
parallel control technology development is a more optimal approach.
Additionally, the capabilities of the manufacturers may be strained so
that development of everything needed is slower than desirable. Con-
sider the emissions for 1974 - HC, CO and NOx were the only requirements.
For 1979 the manufacturers will be facing still uncertain gaseous emis-
sions standardé, high altitude regulations, a new evaporative procedure
and standard, and a new light duty truck standard. Coupled with this is
the pressdre.to produce vehicles with better fuel economy. Yet another
factor is tﬁat EPA has asked the manufacturers for assistance in obtaining

procedures information.

The report team considers that all of the reasons discussed above

have contributed to the current status.



® The general technical approaches now under study
for controlling sulfuric acid emissions appear to
be improved fuel management, control of oxygen

level in the exhaust, and catalyst modifications.
The appfoaches listed above are similar to some of those also being

pursued for control of gaseous emissions control at more stringent

gaseous emission standards.
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SECTION 4

WHAT CAUSES SULFURIC ACID EMISSIONS?

4.1 Parameters Governing Sulfuric Acid Formation

Almost all fuel used for motor vehicles contains sulfur to one
degree or another. The current national average sulfur level for
gasoline is approximately 0.03% and for Diesel fuel No. 2 1is 0.21%. This
sulfur is usually in the form of organic sulfur compounds. These
" sulfur compounds, during the combustion process, are oxidized to sulfur
dioxide (SOZ) and sulfur trioxide (SO3).. By far the greater quantity of
sulfur oxides from the combustion is SOZ’ with only a very small amount
of SO3 formed. Sulfur trioxide combines readily with water (HZO) to
form sulfuric acid (HZSO4). In the exhgust of motor vehicles there is
abundant H,0, since H20 is one of the major products of combustion (CO

2
being the other), and there is about one kilogram of water formed for

2

each kilogram of fuel burned. The sulfuric acid thus formed in the
exhaust system and a short distance beyond the vehicle tailpipe is
emitted to the atmosphere in droplets small enough to be called a mist.

The major factors that govern the production of sulfuric acid are;
a) the sulfur content of the fuel, b) the conditions during combustion
and in the exhaust system including temperature and oxygen concentration,
c) the time history of the exhaust, e.g. residence time, and d) the
amount of water present. Since the assumption is usually made that
there is enough water present, the important consideration is the oxida-
tion of SO2 to SO3. An example of the influence of temperature and
oxygen level in SO, to SO, oxidation is shown in Figure 4-1%* and in

2 3
Table 4-1*. One can see from Figure 4-1 that lower temperatures and

*Letter to Dr. Joseph Somers, EPA, from Dr. K. Bachman, Exxon Research
and Engineering, July 17, 1975.



Fraction converted TO SO,

Figure 64-1

Bquil#brium Conversion
80,(g)+1/2 .02_(3) * 80,(3)

1.0 -
0.8 = .
- ,5% 0,
0.6 [~
220,
//// 1% q,
0.4 |~ L
0.22 0,
0.2 I~
0.0 1 | | *
300 400 500 700 800
(572°F) - (752°F) (932°F) (1112°F) (1292°F) (1472°F)
Temp., °c, '
Table 4-1
Equilibrium Conversion of S02 to SO3
_ % Conversion S092 to S03
Percent 02 0.2 1.0 2.0 5.0
Temperature .
°C °F ’

400 - 752 96 98 99 100

450 842 87 94 95 97

500 932 70 84 88 92

550 1022 50 68 76 83

1112 30 49 58 69

600
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higher oxygen levels enhance the equilibrium conversion of 802 to SOB'
Of course, these values represent equilibrium or theoretical maximum
conversionyand kinetics 'governing reaction rates determine actual con-

version values as discussed below.

4,2 Sulfuric Acid Production Over Catalysts

Figure 4-1 shows the equilibrium conversion of SO2 to SO3 and is
indicative of what would be produced if the reactants were held at the
given temperature and oxygen concentration for a long time. Since all
chemical reactions take a finite time to reach equilibrium, the amount
of SO3 formed may be less than is indicated by Figure 4-1 if the time
available is too short. What is not shown on Figure 4-1 is the rate of
reaction to form SO3 from SOZ. The reaction rate is what determines how

long it takes for the reaction to go to the equilibrium conditions.

The production of sulfuric acid over catalysts is important, be-
cause what a catalyst does is speed up the reaction rate. In fact, most
of the sulfuric acid produced for industrial use is produced by a
catalytic process. In the context of industrial use, sulfuric acid is a
valuable and important chemical that has many uses because it it a
strong acid with a high boiling point, a good oxidizing agent, a good
drying and dehydrating agent, and is also relatively cheap.

The contact process for sulfuric acid production involves the
production of SOZ’ passage of 802 and oxygen over a catalyst bed to
form SO3, and the formation of sulfuric acid by passing the SO3 through
concentrated sulfuric acid to which water is continually added. The

basics of the contact process were first reported about 1831.
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Both platinum (Pt) catalysts and vanadium pentoxide (VZOS) catalysts
can be used for the contact process, with V205 having greater resistance
to arsenic poisoning.

Since automotive catalysts use platinum as one active material it
can be expected that some sulfuric acid production potential is there,

since there are oxygen, SOZ’ water, and a platinum catalyst preserit.

There are many parameters governing sulfuric acid production over
automotive catalysts. Among them are catalyst temperature, space velocity,
noble metal composition and dispersion, washcoat composition, surface
area, and preparation, catalyst processing and pre-treating, type of
substrate and storage characteristics, exhaust gas oxygen level, effect
of other exhaust gas constituents, and sulfur dioxide concentration.

The effects .of these parameters are discussed below:

Catalyst Temperature

Theoretically, catalyst operating temperature is expected to have a
significant effect on sulfuric acid formation. The thermodynamic equilib-
rium constant for 302 oxidation is such that higher temperatures lead to
decreased sulfuric acid formation. Also, the temperature and activation
energy required determine the kinetics for the reactor, i.e., the rate
at which the reaction occurs. Lab data using automotive catalysts show
that at high temperatures the lab results approach equilibrium pre-
dictions and at low temperatures the lab results are far from the
equilibrium predictions. This indicates that the reaction rates at high
temperature are high enough to permit equilibrium to be approached, and |
that the reaqtidn rates at low temperatures are sufficiently low to make

equilibrium pfedictions of little value. Unfortunately, automotive

catalysts operate most of the time in the intermediate temperature range
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where Soz'oxidizes readily. Low temperature operation is not feasible
because HC and CO oxidation would also be very slow. High temperature
operatidn of the catalyst can result in poor physical and/or chemical
durability. Figure 4-2* ghows the relationship between conversion rate
and temperature for certain space velocities (reciprocal of residence
time).

Table 4-2
_Effect Temperature and Space Velocity
on S0, Oxidation ‘
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*Ford Motor Company Report on Light Duty Vehicle Sulfuric Acid
Emission Control Status, September 2, 1975.
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The theoretical benefits of higher temperature may be attainable
with satisfactory durability if improved active material temperature
stability and substrate integrity are achieved. Conventional catalysts
are continually being improved in these respects. Perovskite catalysts,
which hold the active materials in a crystal lattice, are a relatively

new approach which appear to offer some promise in this area.

Space Velocity

Space velocity, in effect, determines the total time period in
which the exhaust gas is in contact with the catalyst. Space velocity
is the exhaust flow (ft3/hr) measured at standard temperature and pres-
sure, divided by the catalyst volume (ft3). The reciprocal of space
velocity is contact time, usually expressed in hours, that the exhaust
gas is exposed to the catalyst. Lab data show that sulfuric acid emis-
sions are affected by space velocity, with a low space velocity tending
to increase sulfate emissions. This was shown in Figure 4-2. GM re-
ported the data shown in Table 4-2 which also shows increased sulfuric

acid conversion at lower space velocities.

Table 4-2
Effect of Space Velocity on Sulfuric Acid
Formation in Pelleted Catalysts

Space Velocity Sulfuric Acid Formation
7,000 hrt 18%
28,000 hr™1 14%

The effect of space velocity on sulfuric acid formation must be

taken into consideration in the optimization of catalyst type and size.

4-6



Noble Metal Composition

Noble metél composition appears to have an effect upon sulfuric
acid conversion. Alternative noble metals for oxidation catalysts
include platinum (Pt), paladium (Pd), and rhodium (Rh). Table 4-3 shows
a comparison of Pt, Pt-Pd and Pt-Rh catalysts. The test vehicle was a
Plymouth Fury with a 318 cu. in. engine and AIR. The catalysts were
Chrysler-UOP monoliths,

Table 4-3
Comparison of Sulfuric Acid Emissions for
Different Noble Metal Catalysts

Catalyst Composition Speed (mph) Sulfuric Acid Emissions(mgpm)
platinum (fresh) 30 21
60 98
platinum/palladium 30 31
(fresh) 60 80
platinum 30 12
(50K miles aged) 60 " 80
platinum/palladium 30 25
(50K miles aged) 60 81
platinum/rhodium 30 12
(5K miles aged) 60 55

Tailoring the noble metal composition to reduce sulfuric acid
emissions while maintaining HC and CO conversion efficiency is con-

sidered feasible, although rhodium is not considered to be an immediate



solution to the sulfuric acid problem as much now as it was initially

because of the poorer durability of current Pt/Rh catalysts.

Catalyst Dispersion and Washcoat

Very limited data is available at this time on the effects of noble
metal dispersion and washcoat on sulfate formation. The washcoat espe-
clally can affect the storage and release process, due to its large
surfate area and mass, compared to the active material. Chrysler has
also reported some promising test results using DuPont developed perovskite
catalysts. These catalysts have the noble metal dispersed in a perovskite
crystal structure. Chrysler did not report actual test data, but did
claim that a 50% decrease in sulfuric acid formation was experienced
using perovskite catalysts. This type of catalyst is also claimed to be

resistant to lead poisoning.

Catalyst Processing and Pre-Treating

This appéars to be a promising area for sulfuric acid control. It
is known that techniques such as aging decrease a catalyst's sulfuric
acid formation capabilities. Table 4-4 shows data reported by Chrysler
on the effect of artificial aging.

Selective catalyst poisoning may also hold promise. For example it
is known that arsenic and lead will poison the.SO2 to SO3 formation over
a platinum catalyst. It may be possible to poison this reaction while
not significantly reducing the HC and CO oxidation capabilities of a
catalyst. However, an important unknown factor at this time is the
effect on catalyst durability of aging and/or selective poisoning. It
seems clear that this approach to sulfuric acid control merits a great

deal of attention.
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Table 4-4
Effect of Artificial Aging of Catalysts
on Sulfuric Acid Emissions
(Synthetic Exhaust, 1000°F, 22,000 ghsv)

Catalzsp*, Preconditioning % Conversion, 802 to HZSO4
Pt monolith None 407
Pt monolith 88 hours at 1600°F in air 20%
Pt monolith 16 hours at 1800°F in air 20%

Pt monolith After addition of .257% lead

from lead nitrate solution 20%

*Each of the four catalysts tested were unaged prior to preconditioning

for the test.

Type of Substrate and Storage Characteristics

Two méjor types of substrate exist, monolithic and pelleted. It is
not clear at this time whether monoliths andpellets have significantly
different SO2 conversion characteristics. 1In theory, differences may
exist because the two types have dissimilar physical, chemical, and
thermal properties. The sulfuric acid storage characteristics of the
two are also dissimilar and this has clouded experiﬁental efforts to

evaluate their conversion characteristics.

The differences in storage behavior are thought to be due to the
different mass amounts of alumina in monolithic and pelleted catalysts.
Storage of sulfur compounds on catalysts is believed to be caused by a
chemical bonding between these compounds and the alumina. Pelleted
catalysts are composed of semi-porous alumina pellets whereas monolithic

catalysts have a cordierite substrate with only a thin washcoat of

4-9



alumina. The greater mass and surface area of alumina and the slower
warmup (sulfur compounds store more readily on colder sulfaces) present
in pelleted catalysts both contribute to increased sulfuric acid storage.
Pellets have a slower warmup because they have greater thermal inertia

than the»thin walled monolithic substrate.

Figures 4-3* through 4-6* show the effects of preconditioning on
sulfuric acid emissions. Both the pelleted and monolithic catalysts
were preconditioned on each fuel by a sequence of standard AMA dur-
ability mileage accumulation followed by a sefies of cold start and hot
start 1975 FTPs. The varying sulfuric acid emissions as a function of
time show the adsorption and desorption that takes place until stability

is reached.

Oxygen Level

Catalytic emission control systems generally operate with a significant
amount of excess oxygen in the exhaust in order to insure conversion of
HC and CO. The amount of excess oxygen appears to be an important

parameter in determining the level of SO, to SO3 conversion. Figures 4-

2
7* and 4-8* show laboratory reactor data for monolith and pelleted

catalysts.

It can be seen that SO2 conversion drops: off considerably as the
excess 02 level is lowered to 0.5% and below. It is noteworthy that the
CO conversion rate remains high at 0.57 excess oxygen. The investigators
who reported this data indicated that the HC conversion behavior paralleled
thé CO behavior.

The seleétive oxidation of HC and CO demonstrated at low excess

oxygen levels indicates that close control of excess oxygen via improved

*M. Beltzer, R. J. Campion, J. Harlan and A. M. Hachhauser, The

Conversion of 802 Over Automotive Oxidation Catalysts, SAE Paper 750095,
February 1975.
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fuel metering or modulated air injection is a promising control approach
for sulfuric acid. The low sulfuric acid emissions exhibited by three-
way Fatalyst'systems, which have precise control of the exhaust oxygen
level, support the theory that selective oxidation of HC and CO can be

accomplished,

Effect of Other Exhaust Gas Constituents

It has been shown that the presence of exhaust gases such as carbon
monoxide, propylene (C3H6) and hydrogen tend to reduce the conversion of

SO Figure 4-9 contains data reported by Ford which shows the effect

9
of these gases.

The probable explanation for this behavior is that the reducing
gases compete with the SO2 for adsorption on the catalyst and the avajl-
able oxygen. Carbon monoxide and propylene are preferentially oxidized
under these circumstances rather than SOZ' This phenomenon could be
utilized as a control technique but precise air-fuel ratio or air in-~
jection rate control would be needed in order to maintain the catalyst
at near breakthrough condition. Breakthrough occurs when conditions are
such that significant HC and CO pass entirely through the catalyst

without reacting because of insufficient residence time.

Another exhaust gas constituent which could possibly affect sulfuric
acid formation is lead. The conversion of lea& to lead sulfate in the
exhaust has not yet been investigated. The disadvantages of the use of
more lead in the fuel may be why this effect has not been studied. These
disadvantages include increased deposits on spark plugs and EGR valves
and catalyst deactivation. In addition to lead, lead sulfate may also

have detrimental health effects.

4-12



Figurec 4-7
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The question here is whether sulfuric acid emissions are directly
proportional to the SO2 level in the engine-out exhaust gas. If they

are directly proportional to exhaust gas SO2 level, this in-turn would
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Figure 4-9
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SECTION 5

HOW MUCH SULFURIC ACID DO CURRENT VEHICLES EMIT?

5.1 Sulfuric Acid Emissions from Non-Catalyst Vehicles:

This section discusses the available sulfuric acid emission data
for conventional non-catalyst vehicles. Sulfuric acid emissions from
non-conventional non-catalyst vehicles such as stratified charge, Diesel,

and lean burn vehicles are discussed in Section 8.

Work done in 1973 using the absorption method (EPA Stationary
source Method 8) indicated that non-catalyst cars emitted significant
quantities of sulfuric acid (i.e. 10-20% conversion of fuel sulfur to
sulfuric acid). Further work showed this measurement method to be un-
reliable in that sulfuric acid formation occurred in the measurement

apparatus itself.

Work done'in 1973 and later using the dilution tunnel method indicates
that non-catalyst cars form about 1 mgpm of sulfuric acid when burning
1 0.03 weight 7 sulfur in the gasoline. Both Ford and Chrysler reported
sulfuric acid data for conventional non-catalyst cars in their current
and previous submissions to EPA. While General Motors reported no
sulfuric acid data for conventional non-catalyst cars in their current
submission to EPA, their previous submissions contained extensive data

in this area.
The available data base is summarized in Table 5-1.

The results in this table shows sulfuric acid emissions of about 1
mgpm, on the average, but with numbers frequently higher with a maximum
value of 5 mgpm. More recent data tend to be lower (i.e. under 1 mgpm).
The above data indicate that conventional non-catalyst cars can emit

over 1 mgpm;.'



TABLE 5-1 SULFATE EMISSIONS FROM CONVENTIONAL NON-CATALYST VEHICLES

Sulfuric Acid

Conversion Sulfuric Acid Emissions Normai-
Data Test Fuel Sulfur to Sulfuric Emissions, No. of ized to 0.03% Fuel
Vehicle Source Cycle - wt. % Acid mgpm Tests Sulfur, mgpm
1973 Vehicle Exxon 1972 0.04 2.0 7 : 1 4
' 5-30-74 FTP '
40 mph 0.067 .1 A 1 .2
40 mph 0.067 .1 v A 1 .2
40 mph 0.067 .2 .9 1 .2
Conventional GM 1972
Non-Catalyst 5-7-74 FIPs
Vehicles
o 1973 Pontiac 0.032 0.3 1 1 1
1
™ 1973 Buick 0.016 0.0 <1 1 <1.9
(Air) .
1973 Chev. 0.15 0.1 1 1 .2
(Air)
1973 Chev. 0.015 0.6 1 1 2
(Air)
1973 Chev.
(Air) New
Vehicle 0.05 2.6 9 1 5.4
1974 Ford EPA-ECTD Hot Start 0.033 - 2.7 3 2.7
Ranch Wagon FTP

Cold Start 0.033 - 2.6 3 2.6
FTP .



TABLE 5-1 SULFATE EMISSIONS FROM CONVENTIONAL NON-CATALYST VEHICLES (continued)

Sulfuric Acid

Conversion Sulfuric Acid Emissions Normal-
Data Test Fuel Sulfur to Sulfuric Emissions, No. of ized to 0.03% Fuel
Vehicle Source Cycle wt./ Acid mgpm Tests Sulfur, mgpm
30 mph 0.033 - : .08 2 .07
sC-1 0.033 - .35 2 .32
Sc-1 0.033 . - .19 2 .17
SC-1 . 0.033 - : .36 2 .34
Sc-1 0.033 , - .27 2 < .25
Sc-1 0.033 - .29 2 .27
FTP 0.033 - .36 2 .35
FET 0.033 - .20 2 .18
Pinto(2.3L) Ford
8-75 60 mph 0.033 - 1.4 2 1.2
30 mph 0.033 - .21 2 .19
SC-1 0.033 - .65 2 .59
o Chrysler Chrysler 60 mph 0.034 — .7 1 .6
& Car 500 8-75 60 mph 0.034 _ - 1 1 .9
Chrysler Chrysler 55 mph 0.034
Car 497 8-75 - 1 1 .9
SC~7 0.034 — 1.1 1 1
SC-7 0.034 - 1.1 1 1
SC-7 0.034 - 1 1 .9
SC-7 0.034 1 1 .9
FET 0.033 .7 6 .7
60 mph 0.033 - A 11 .4
1972 Vehicles EPA-ORD FTP 0.032 .6 2.1 4 2.1
F1P 0.057 .3 1.9 6 1
FTP 0.082 .2 2.1 5 .8
FTP 0.107 .15 2.1 2 .6
FTP 0.107 .10 1.3 2 .4
FTP 0.107 .10 1.3 6 .4
FTP 0.107 .20 2.7 1 .8



TABLE 5-1 SULFATE EMISSIONS FROM CONVENTIONAL NON-CATALYST VEHICLES (continued)

Sulfuric Acid

-G

Conversion Sulfuric Acid Emissions Normal-
Data Test Fuel Sulfur to Sulfuric Emissions, No. of ized to 0.037% Fuel
Vehicle Source Cycle - wte % Acid mgpm ' Tests Sulfur, mgpm.
FTP 0.019 1.2 1.2 ' 5 3.0
1974 Torino Ford
8-75 60 mph . 0.033 - .20 2 .18
’ 60 0.033 - .14 2 .13
60 0.033 - .18 2 .17
60 0.033 —_ .18 2 .17
60 0.033 - .25 2 .23



5.2 Sulfuric Acid Emissions from Catalyst Vehicles

Conventional oxidation catalyst vehicles can emit substantially
greater quantities of sulfuric acid than non-catalyst vehicles. Both
monolithic and pelleted catalyst vehicles emit sulfuric acid. Deter-
mining emission factors for monolithic catalyst vehicles is relatively
simple. However, the problems caused by the storage and release of
sulfuric acid are more pronounced with pelleted catalysts. This phenomenon,
which is explained in more detail in Section 5.2.2, makes it more com-
plicated to determine sulfuric acid emission factors for pelleted catalysts.
The emissioh data reported to EPA for catalyst vehicleé is summarized in

the next two sections.

5.2.1 Sglfuric Acid Emissions from Monolith Catalyst Vehicles

Sulfuric acid testing for monolith catalyst vehicles has been done
by EPA, EPA contractors, Ford, Chrysler, GM, Nissan, and Engelhard.
While most of the testing has been done on vehicles with air pumps, some

limited testing has been done on vehicles without air pumps.

The most extensive testing of monolith catalyst vehicles without
air pumps &as done by Exxon Research and Engineering (Exxon) under EPA
contract. Exxon tested two 1975 certification cars designed to meet the
1.5 HC, 15 CO,‘3.1 NOx levels. Theée vehicles were tested as part of
the EPA sulfuric acid test procedure development program. Under all
test conditions sulfuric acid emissions were extremely low, at about 1
mgpm. Exxon also tested a rental Plymouth to verify that production
cars had similar emissions to the certification cars. This car also had
very low sulfuric acid emissions, The low sulfuric acid emissions can
be attributed to the lack of an air pump with resultant low exhaust
oxygen levels. The emission data for these vehicles is summarized in
Table 5-2.
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Table 5-2
EPA-Exxon Data for Plymouths
(0.03% Sulfur Fuel)

(1.4% O2 in exhaust at 60 SS)

HC co NOx H2304
Test Condition Number of Tests gpm gpm gpm mgpm
FTP 9 .39 4.2 2.7 1.5
FTP 9 .30 4.5 2.9 1.8
Sc-7 5 .06 .72 1.6 .2
Sc-7 5 .08 1.1 1.3 .06
FTP 1 .32 4.3 3.4
sc-7 5 .06 1.6 2.6

Engelhard reported two tests run on a Ford vehicle with the air
pump disconnected. The results of these tests show about 2 mgpm sul-
furic acid over the FTP. Since the FTP frequently gives lower sulfuric
acid emissions than other test cycles, the Engelhard tests by themselves

are somewhat inconclusive.

EPA test results indicate that low oxygen levels over the catalyst
result in low sulfuric acid emissions. The potential of low oxygen
levels as a sulfuric acid control technique is discussed in more detail

in Section 7.

Sulfuric acid emissions from monolith catalyst vehicles with air
injection are generally much higher than for those cars without air
injection. EPA, Ford, and Chrysler have tested several cars of this
type for sulfuric acid. One veﬁicle with a monolith catalyst and with;
out air injection has been reported as having sulfuric acid emissions
as high as 25 mpg over the SC7. This is apparently due to excess oxygen

in the exhaust from lean carburetion.



Vehicle

Granada

Monarch

Maverick

Table 5-3

EPA Tests of Ford Certification Vehicles
(0.03% fuel sulfur)

Number of

Test Cycle Tests
Repetitive FETs 9
Repetitive SC-7s about 17
Repetitive SC-7s 30
FTP 8
SC-7 preceded by FTP 3
SC-7 preceded by FET 3
Duplicate SC-7 preceded by 8

2 FETs and 1 FTP
Duplicate FETs preceded by
1 FTP and 2 SC-7s

Repetitive SC7s

FTP

SC-7 preceded by FTP

SCc-7 pfeceded by FET
Duplicate SC-7 preceded by
2 FETs and 1 FTP
Duplicate FETs preceded by
1 FTP and 2 SC-7s

Repetitive SC-7s
Repetitive SC-7s
Repetitive FETs

15

wn w Ww

18

HC
gpm

.31
.30
.38
.69

-.31

.33

.28
.65
.31
.26

.13
.12
.11

co
gpm

.92
1.2
1.6
6.9
1.5
1.8

2.1
6.3
2.3
1.9

.37
1.2
.08

NOx
gpm

1.2
1.4
1.4
1.2
1.4
1.2

1.3
1.3
1.2
1.3

2.0

1.8

H,SO
mgpm

12.1
12.8
19.4

3.3
29.4
20.0
23.7

36.7

15.3

3.5
20.6
16.3
23.2

30.5

6.8
5.5



Table 5-4

Sulfuric Acid Emissions for Chrysler Vehicles

Car - Test Cycle Preconditioning Sulfuric Acid,
n mgpm
Car 467 " 60 mph 60 mph 97
(0.035% ) 1 hour 30 min.
Sulfur Fuel) 60 mph 60 mph 85
-1 hour 2 hours
60 mph 60 mph 89
1 hour 2 hours
60 mph 60 mph 91
1 hour 4 hours
60 mph 60 mph 105
1 hour 2 hours
60 mph . 60 mph 105
1 hour 4 hours
60 mph 60 mph 111
1 hour 2 hours
60 mph 60 mph 107
1 hour 4 hours .
60 mph 60 mph 95
1 hour 2 hours
60 mph 60 mph 109
1 hour ‘4 hours
60 mph 60 mph 98
1 hour 2 hours
60 mph 60 mph 101
1 hour 4 hours
60 mph 60 mph 93
5 min. 2 hours
60 mph 60 mph 90
10 min. 2 hours
60 mph 60 mph , 91
20 min 2 hours
60 mph 60 mph 91
40 min 2 hours
60 mph 60 mph 91
5 min. 2 hours
60 mph 60 mph 91
10 min. 2 hours
60 mph 60 mph 102
20 min. 2 hours
60 mph 60 mph 91
40 min 2 hours
sC-7 1 sC-7s 4
SC-7 2 SC-7s 4
SC-7 1 sC-7s 3
SC-7 2 sc-7 4
SCc-7 1 sc-7 4
SC-7 3 sC-7s 28

(%]
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Table 5-4

(Continued)
Car Test Cycle Preconditioning Sulfuric Acid
mgpm
SC-7 5 8C-7s 20
sc-7 7 8C-7s 19
sc-7 35 mph 49
lhour
SC-7 35 mph
1 hour and 31
3 sC-7s .
Car
518 .
(0.031% ‘ Sc-7 1 sc-7 14
Sulfur Fuel) " 8C-7 3 sC-7s 17
Sc-7 1 sc-7 19
SC-7 3 SC-7s 6
SC-7 5 sC-7s 6
Sc-7 1 sc-7 7
sCc-7 3 SC-7s 4
sc-7 5 SC-7s 3
SC~-7 1 sC-7 16
SCc-7 5 S8C-7s 27
sc-7 7 SC-7s 32
558S.° 69

The FTP emissions for these two cars are as follows;

HC Co NOx gpm
Car 467 +65 9.3 1.33
Car 518 .69 5.52 1.53
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EPA-ECTD tested two 1975 Ford certification vehiclesAdesigned to
meet the California and Federal standards (1.e. 50 state vehicles).
These vehicles, a Granada and Monarch, were tested in the sulfuric acid
test procedure development program. Also, a Ford Maverick certification
vehicle designed to meet 1.5 HC, 15 CO, 3.1 NOx was tested in this
program by EPA-ECTD and EPA-OR I The results of these tests are given
in Table 5-3.

EPA-ORD ran some limited tests on two Ford rental cars, a Granada
and a Torino._'The tests run were repetitive sulfate cycles which show

sulfuric acid emissions from 5 to 25 mgpm.

Chrysler-ran sulfuric acid tests on a monolith catalyst vehicle
equipped with air injection and designed to meet 0.9 HC, 9.0 CO, 2.0 NOx
(car 467). This vehicle gave about 100 mgpm sulfuric acid at 60 SS.
Sulfuric acid emissions were lower but more variable over the sulfate
cycle ranging from 3-49 mgpm. The emission values for both cars 518 and
467 are given in Table 5-4.

Ford Motor Company did their initial work with Battelle Labs with
an engine dynamometer. An Engelhard catalyst equipped with air injection
gave about 50 mgpﬁ of sulfuric acid with 0.03% sulfur fuel at 60 mph. A
GM pelleted catalyst with air injection showed similar results. Further
work at Battelie through the CRC-~APRAC CAPE 19 project concentrated on
measuring sulfuric acid emissions from a 1975 351 CID Ford Torino. This
work also shoWe§ about 50 mgpm of sulfuric acid at 60 mph,

Ford is also conducting a program at Southwest Research which, in
part, will obtain emission factors for two.1975 Ford vehicles produced
to meet the California standards. The two vehicles are a Pinto (5P13)
and a 400 CID Torino (52A30) with monolith catalysts and air injection.
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Table 5~5

Sulfuric Acid Emission Data for Ford Vehicles
0.033% Sulfur Fuel

Vehicle Test Number of Preconditioning Sulfuric
Tests A Acid,: mgpm
Torino 60 mph 2 30 miles at 60 mph 55.5
60 mph 2 130 miles at 60 mph 52.8
60 mph 2 30 miles at 60 mph 28.0
60 mph 2 30 miles at 60 mph 37.5
60 mph 2 30 miles at 60 mph 45.9
30 mph 2 170 miles at 60 mph 93.8
30 mph 2 170 miles at 60 mph 79.7
and 75 miles at 30 mph
sc-1 2 105 miles @ 30 mph 24,2
2 SC-1s
SC-1 2 ' 105 miles at 30 mph 33.5
and 7 SC~1s
sc-1 2 1sc-1 - 18.5
SC-3 4 3 sC-1s 11.3
SC-7 2 70 miles at 60 mph 23.4
sc-7 2 70 miles at 60 mph
and 1 SC-7 22.7
sC-7 2 70 miles at 60 mph
and 1 SC-7 34.2
FTP 3 7 SC-7s and 1 FTP 37.6
3 FETs 2 3 FTIPs (hot start)
and 1 FET 42.8
Pinto 60 mph 2 30 miles at 60 mph 24.3
60 mph 2 130 miles at 60 mph 25.0
60 mph 2 30 miles at 60 mph 10.5
60 mph 2 30 miles at 60 mph 17.8
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Table 5-5 .

(continued)
Vehicle Test Number of .Preconditioning Sulfuric
' Tests Acid, mgpm
60 mph 2 30 miles at 60 mph 17.1
.30 mph 2 170 miles at 60 mph 46.9
30 mph 2 170 miles at 60 mph
and 75 miles at
30 mph 56.4
-§C-1 2 105 miles at 30 mph
' and 2 SC-l1s 13.3
SC-1 2 7 SC-1s 12.3
sc-7 2 70 miles at 60 mph 10.7
sC-~7 2 ) 70 miles at 60 mph
: and 1 SC-7 10.2
sc-7 2 70 miles at 60 mph 9.7
and 1 SC-7
FTP 3 7 SC-7s and 1 FTP 8.9
3 FETs 2 3 FTPs (hot start) 13.1
and 1 FET
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The vehicles were run on the modified AMA cycle for 222 miles at the
start of the program. The vehicles were then tested for sulfuric acid
emissions at 60lmph, at 30 mph, over the FET, and over SC-1 and SC-~3 and
SC-7. Sulfuric acid emissions were about 25 mgpm and 10 mgpm for the
Torino and Pinto respectively. Detailed data for these cars are given
in Table 5-5.

5.2.2 Sulfuric Acid Emissions from Pelleted Catalyst Vehicles
Sulfate Storage and Release

Pelleted catalysts consist of about 2500 grams of alumina pellets
with a noble metal coating. By contrast, a monolith contains about 100
grams of washcoat alumina with noble metal coating on an inert non-
reactive cordierite support. The alumina, which is chemically basic,
can react with the sulfuric acid produced by the catalyst to form aluminum
sulfate and possibly aluminum sulfite. This reaction occurs at lower
catalyst temperatures (e.g. 400°F) associated with lower speed operation.
However, the reaction is reversible at higher catalyst temperatures
associated with higher speed operation. The aluminum sulfate will
9 OT SOB' While it is not clear
how much SO2 versus SO3 is formed from this decomposition, SO
would be formed might be oxidized to SO

decompose back to alumina and either SO
2 that

by the catalyst. The S0, may

3 3
then form sulfuric acid by combining with water. Therefore the decom-

position of aluminum sulfate could result in the sulfuric acid emissions.

At low speed operations when sulfuric acid can be stored, the
vehicle would emit only small quantities of sulfuric acid. At higher
speeds, great quantities of sulfuric acid can be emitted for temporary
periods until the catalyst stabilizes. This storage and release mechanism

can occur many times over the life of a catalyst. A short period of
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operation at 60'mph can release most of the stored sulfate allowing the
catalyst to store sulfates once again during subsequent lower speed

operation.

The type of prior driving will have a great effect on the level of

sulfuric acid emissions obtained during a sulfuric acid test.

For example, operation of a vehicle over the FTP, a low speed
cycle, generally results in storage relative to higher speed cycles.
Even the SC-7 itself, with an average speed of 35 mph, can result in
storage relatiVe_to a higher speed condition such as the FET. The
storage-release phenomenon can introduce a large amount of variability

in sulfuric acid emission results for pelleted catalysts.

Sulfuric Acid from Pelleted Catalysts Without Air Injection

EPA-ORD did extensive testing of two GM certification vehicles with

pelleted catalysts but no air injection. These vehicles were designed

to meet 1.5 HC, 15.0 CO, 3.1 NOx. These vehicles emitted small quantities

of sulfuric acid, about 1 mgpm over the SC-7 cycle. The results of the

EPA-ORD tests are summarized in Table 5-6.

Table 5-6
EPA Tests of GM Cars

_ Number HC Cco NOx HZSO4

Car Test of Tests gpm gpm gpm mgpm
Impala (Car - Repetitive .
06308) SC-7's 7 .61 26.8 1.0 1.3

FTP 9 41 5.1 1.0 .5
Chevelle Repetitive

SC-7's 4 .40 12.6 4.2 4

FTP 8 .60 12.0 3.0 .
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EPA-ECTID tested three pelleted catalyst cars without air injection
(1) 1975 Chevrolet 350 CID production car supplied by GM

(2) 1975 Chevrolet 350 CID Certification car (Car 06308)
supplied by GM and also tested by EPA-ORD.

(3) 1975 Chevrolet Rental Vehicle

About 1,000 miles of preconditioning at 30 mph with 0.03% sulfur
fuel was run on the first car to stabilize the catalyst. During this
time, sulfuric acid emissions rose to a maximum stable value of 8 mgpm.
After this, 24 sulfuric acid cycles were run with the first cycle showing
sulfuric acid emissions of 64 mgpm. The rapid decline of sulfate emissions
with time can be seen in Table 5-7. Apparently, significant sulfate
storage occurred over the 1,000 miles at 30 mph. The vehicle quickly
stabilized to show sulfuric acid emissions of about 1 mgpm. The car was
then tested at 60 mph and showed sulfuric acid emissions of about 35

mgpm.

The second two vehicles were tested only on sulfuric acid cycles and
showed sulfuric acid emissions of about 1 mgpm. Table 5-7 lists the
sulfuric acid emissions obtained in the order the tests were run for all

three vehicles.

GM has run a number of vehicles without air injection including
cars that meet both the Federal and the California standards for 1975.
Two of the cars were 1975 Chevrolets and were tested over the FTP,
HWFET, SC, and $ome steady state speeds. The third car (R5451) is a
Buick designed to meet the 1975 California standards of 0.9 HC, 9.0 CO,
2.0 NOx. All three cars had low sulfuric acid emissions, generally
below 10 mgpm. This is especially significant for the Buick which meets
the stricter California standards. One Chevrolet had much higher sulfuric

acid emissions (50 mgpm) at a 40 mph steady state.
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Table 5-7

'Sulfuric Acid Emissions for GM Cars
: 0.03% Fuel Sulfur

Car Test Number of Sulfuric Acid
Tests mgpm

1975 Chevrolet

Production Car SC-1 5 A
30 mph 29 8 stable
for value

1,000 miles

Ssc-1 1 - 64
sSC-1 1 25
SC-1 1 11
- sc-1 1 6
Sc-1 = 1 5
sc-1 1 3
. Sc-1 1 3
SC-1 1 2
SC-1 1 2
sC-3 8 1
SC-2 6 1
FTP | 2 N
SC-1 4 : 1
FET 2 6
60 mph 6 35
1975 Chevrolet
Emission data car SC-1 5 1
1975 Chevrolet SC-3 4 1

Rental Car
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The sulfuric acid emissions for these three vehicles are listed in
Table 5-8. The gaseous emissions for these three cars over the FTP are

given in Table 5-9.

With Air Injection

Pelleted catalysts with air injection tend to give higher sulfuric '
acid values than pelleted catalysts without air injection. Most of the
tests on pelleted catalysts with air injection were run by EPA and GM.

EPA tests were run on two AMC Hornets and with the GM 160 in.3
pelleted catalyst with air injection. Both cars were identical 1975
production cars run on modified AMA mileage accumulation. The tests
were done under an EPA contract with Southwest‘Research Institute. These
cars showed sulfuric acid emissions ranging from about 30 to 60 mgpm
with most of the values about 50 mgpm. The emissions obtained by

Southwest on these cars are listed in Table 5-10.

Exxon ran some very limited tests on an AMC Matador rental vehicle
equipped with a pelleted catalyst and air injection. The car was run
on SC-7 without any preconditioning. The sulfuric acid emissions ob~

tained were very low as shown in Table 5-11.

Table 5-11
Exxon Test on AMC Matator
Pelleted Catalyst with Air Injection

HC co NOx A HZSO4
Test gpm gpm gpm mgpm
SC-7 (10 times) .1 .36 2.0 1.7
FTP .28 - .94 2.1 .8
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Car

Chevrolet
R5501
(4,000 miles)

Buick
R5451
(2,000 miles)

Chevrolet
R5948
(1,200 miles)

Sulfuric Acid Emissions for GM Cars
(normalized to 0.03% sulfur fuel)

Test

40 mph

FET
55 mph
FTP
FET
60 mph
FTP
30mph

40mph

50mph

Table 5-8

5-18

Number
of
Tests

Sulfuric Acid
mgpm

12

10

15

12

10

10



Table 5-9

Gaseous FTP Emissions for GM Cars

Car : HC Cco NOx gpm
Chevrolet (RS501) .54 5.90 3.04
Buick (R5451) . .46 3.39 1.85
Chevrolet (R 5948) .49 10.53 1.99
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Car

Hornet
EM-5

Hornet

EM-6

Table 5-10

Southwest Research Tests
of AMC Pelleted Catalyst

Vehicles with Air Injection

Test

FTPs
Repetitive
SC-7s

Repetitive
SC-9s

Repetitive
SC-7s

SC-7
Preceded by
FTP

sc-7
Preceded by
FET
FTPs

Repetitive
sc-7

Sc-7

Preceded by

FTP

sc-7
Preceded by
FET

Number of
Tests

19

12

12

19

5-20

HC
gpm

‘1

co
gpm

6.1

4.7

NOx
gpm

2.

7

HyS04
mgpm

10.8

57

68

56

31

31

20

54

52

47



It was notéd that low amounts of 802 were recovered during thesec
tests indicating the catalyst was probably storing. It 1s therefore
impossible to make any valid conclusions from this brief test other than

to note the need for adequate preconditioning.

GM has extensively tested six pelleted catalyst vehicles with air
injection designed to meet the California standards. These cars and
their gaseoué.emissions over the FTP are listed in Table 5-12. These
cars were teéted for sulfuric acid over various test cyclgs. The emis-
sions were as high as 120 mgpm at 60 SS and are listed in Table 5-13
normalized to 0.63% fuel sulfur. The tests were run in the order shown

in the table.

Ford and Chrysler have each done some limited testing of pelleted

catalysts.

Ford tested a 1976 Ford LTID equipped with a GM 260 in3 pelleted
catalyst. The vehicle was calibrated to meet the California standards
and gave stable sulfuric acid emissions of about 60 mgpm over SC-7 with
0.03% fuel sulfur. These values are in agreement with earlier Ford work
on an engine ‘dynamometer at Battelle which found a pelleted catalyst

with air injection to emit about 50 mgpm.

Chrysler tested a pelleted catalyst on one of their cars with air
injection (cai 384). They found this car gave essentially the same
sulfuric acid emissions as car 467 which was similar to car 384 except
it had a monolith catalyst. Car 467 emitted about 100 mgpm over SC-7
with 0.03% sulfur fuel. |
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Car

(1) 350 CID
Fuel Injection
1975 Cert. Vehicle

© (2) 1975 Cadillac
production vehicle

(3) 1975 350-4 Nova
production vehicle

(4) 350-2 1975 Chev.
(R 5950)

(5) 350-2 1975 Chevrolet
(R-5952)

(6) 350-2 1975
Chevrolet
(R-5949)

Table 5-12
- GM Tests of '
Gaseous Emissions

HC co
- -

.75 6.67
.60 9.08
.55 7.63
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1.63
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Sulfuric Acld Emissions for GM Cars with Air Injection

Vehicle

(1

(2)

3)

(4)

Fuel Injection

Car

‘Cadillac

Chevrolet
Nova

Chevrolet
(R5950)

(5) Chevrolet

(R5952)

Test
Repetitive
SC-7s

Repetitive
SC-7s

Repetitive
SC-7s

Repetitive
SC-7s

FTP
sc-7

FET

FET
60 mph
FTP
30 mph
40 mph

sC-1

50 mph

FET
60 mph
FTP
30 mph
40 mph
sc-1
FET
55 mph

50 mph

Table 5-13

Number of

5-23

Tests

12

10
10

10

Sulfuric Acid
mgpm

10

35

40

50
10
25

40

40

30
70
80
90
100
120
20
70
80
50
60

90



Vehicle

(C) Gevrole:
(R5949)

Test

FTP
30 mph
40 mph
SC-1
50 mph
FET

60 mph

Table 5-13 (continued)

Number of
_Tests

5-24

3

4

Sulfuric Acid
mg, p m

4
5
30
40
30
60

120
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SECTION 6

HOW CAN SULFURIC ACID EMISSIONS FROM
AUTOMOBILES BE CONTROLLED?

This section discusses both non-vehicle and vehicle approaches
toward controlling sulfuric acid emissions. These approachés are ap-

plicable for both catalyst-equipped and non catalyst-equipped vehicles.

6.1 Fuel Deéulfurization

There appears to be general agreement that, in the fuel sulfur
ranges of interest, for the same systems, sulfuric acid emissions are
directly proportional to the fuel sulfur level. Therefore, reducing the
level of sulfur in the fuel will reduce sulfuric acid emissions. The
subject of fuel desulfurization was one of the items covered in the EPA

request for information published in the Federal Register of March 8,

1974. A summary of the comments from the respondents is shown below in
Table 6-1.

Table 6-1 1
Some Costs for Fuel Desulfurization
Range Median
Construction lead time 0 to 6 years 4 years
Capital investment $2 to 12 billion $2 1/2 billion
Annual operating costs 812 to 200 million $12 million
Cost per gallon of gasoline 0.5 to 2.0 cents
per gallon 1 cent per gallon
Energy penalty 1/2 to 1 1/2% 17
Gasoline yield.penalty2 1 to 2% 1%

Note:
1
100 ppm sulfur

2
At constant crude input
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The estimatés for fuel cost increments give information that can be
used to compare the cost to the consumer of a system for controlling
sulfuric acid emissions from the vehicle to the customer costs due to

fuel desulfurization.

The assumptions for such a comparison were as follows: the cus~
tomer costs for fuel for 50,000 miles of vehicle operation were calculated
for the range and the median of the estimates using the average fuel
economy of the 1976 models, MPGC = 17.6. For 0.5, 1.0, and 2.0 cents
per gallon, the additional costs are $14.20, $28.40, and $56.80 respec-
tively. These values are rounded to $15, $30 and $60. If the system
used to control sulfuric acid emissions would cost less than those
values it would be advantageous to contrbl sulfuric acid on the vehicle.
If the sulfuric acid emission control systems were to cost more than
those values, it would appear to be beneficial to the customer to have
his fuel desulfurized. However, it should be emphasized that this com-
parison is simplistic and that no other implications (other than cost to
consumer) were considered; e.g. imports of the refiner, capital invest-

ment capabilities, etc.

The impacts of sulfuric acid control technology on cost, including
operating cost (fuel economy and maintenance costs), are not well known
at this time. As an indication of what the range of impacts might be,
the report team has calculated what the sulfuric.acid emiséion control
system could cost for the case given above modified by a plus and minus

five percent fuel economy effect. The results are shown in Figure 6-1.

Figure 6-1 indicates that systems that cost more than the indicated
amount will be more costly to the customer than desulfurizing the fuel.
Also, Figﬁre 6-1 shows that only a small (1 to 3 percent) fuel economy

loss can be tolerated before the extra cost of fuel more than outweighs
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the cost of desulfurization to the customer. It must be kept in mind
that maintenénée costs were not included in the calculations for Figure
6-1. Agaiﬁ, it"shou1d be noted that Figure 6-1 is based only on consumer
costs, e.g., if_energy conservation also were a desired objective then

Figure 6~1 would have to be modified.

Several qualifications concerning Figure 6-1 must be mentioned. The
fuel desulfurization costs shown are for reducing the fuel sulfur level
to 100 ppm, a 67 percent reduction. If more control, say to 30 ppm, is
necessary the cost estimates are not well established, although they
could be at the top end of the range, 2 cents per gallon. Figure 6-1 and
the assumptions and calculations for it also do not consider the pos-
sibility of some desulfurization and some on-vehicle control. Such a
strategy analysis is beyond the scope of this report. Figure 6~1 1s not
specific to any sulfuric acid emission control system, however, it does
give ranges of system cost to compare specific systems against. Finally,
apportioning the cost and fuel economy impacts to just sulfuric acid
control is difficult.to do as the following two cases indicate. First
consider the control technique of dumping the air pump output to the
atmosphere after the first few minutes of startup operation. It is
possiblé that such an approach may cause a HC problem. If the spark is
. retarded and fuel economy suffers, is the fuel economy loss due to HC or
HZSO4 control?v If the 3-way catalyst approach is used and fuel injec-
tion is needed to keep the oxygen level in the proper region for HZSO4
control, and the fuel économy improves, to what is. the fuel injection
cost and fuel economy effect due: HZSO4 control or HC/CO/NOx control?

In summary; it is the conclusion of this report that Figure 6-1
indicates that systems for controlling just sulfuric acid emissions

alone that cost more than $30 should be examined carefully.

6-4



6.2 Fuel Additives

Theoretically, a material could be added to the fuel that would tie
up the sulfur in the fuel or combine with the 802 formed to reduce the

SO2 available for oxidation to SO3. Ideally the resultant products
would be harmless and it would be attractive if the additive had anti-

knock properties.

One candidate, though certainly not an ideal one, is tetraethyl
lead.

The possibility of using leaded fuel as a means: of reducing sulfuric
acid emissions has been discussed by Chrysler Corporation. The lead in
the fuel could tie up some of the fuel sulfur as lead sulfate which is
insoluble and may have lesser health effects than sulfuric acid. How-
ever, there is insufficient lead in even low lead fuel (0.5 g/gal of
lead) to tie up much of the sulfur. With 0.03% sulfur fuel, less than
10% of the fuel sulfur could be converted to lead sulfate with leaded
fuel containing 0.5 g/gal lead.

Furthermore, standard oxidation catalysts are rapidly poisoned by
leaded fuel. Séme preliminary work by Chrysler indicates that ethylene
dibromide (one:-of the two scavengers used with leaded fuel) poisons
catalysts while lead or ethylene dichloride (the other scavenger used
with leaded fuei) does not. Chrysler has also suggested that gasoline
containing léad alone or lead and ethylene dichloride could be used with
catalyst vghicies. However, both Ford and GM feel that lead alone does
poison cataiysts and cannot be used with catalyst cars. This report
‘concludes that much more work is needed to establish if lead may be able

to be used with conventional catalysts.
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DuPont 1is developing a high temperature catalyst that may be re-
sistant to lead poisoning. Leaded fuel used with this catalyst would
not lower sﬁlfates significantly by formation of lead sulfa;e. However,
it is possible that this catalyst has lower activity for 502 oxidation
than other catalysts or that lead selectively poisons this catalyst for
802 oxidation;.

Other thénftetraethyl lead, not much work has been done with fuel
additives to.either tie up fuel sulfur or to combine with SOZ' The
report team considers that if additives to tie up fuel sulfur were
available, they would probably already be used for fuel oil sulfur

control. The use of a fuel additive that would tie up the SO, formed,

likewise has received little attention because, in the opinioi of the
report team, in view of the work needed to find such an additive and to
determine quantitatively its effects on engine wear and catalyst dura-
bility it is apparently not considered to be a promising approach. The
deterﬁination éf the effects of trace quantities of lead on catalyst
durability, for example, was (and still 1s8) a major brogram. With
little to indicate thét'such an approach will work for sulfuric acid
control, the researchers in the field probably consider other avenues to

be more productive.

6.3 Combustion Hodification

Modification of the combustion process was one of the first approaches
tried toward'CQntrolling gaseous emissions. For example, leaning out of
the air/fuel xétio to control HC and CO emissions and exhaust gas recircula-
tion (EGR) to'éontrol NOx emissions have proved to be effective control
measures. However, almost no real work has been tried in an attempt to
control the forﬁation of SO, in the engine. Apparently, most investigators

2

consider it frﬁitless to try to prevent the oxidation of sulfur to 802

in the combustion chamber while maintaining the excellent combustion



efficiency typical of the conventional engine. This report analysis
tends to concur with this approach, however, it would be interesting to
have data on the extent (if any) of 502 reduction due to combustion

modifications.

Analagous to the case of fuel additives, an additive is not pre-
cluded for addition to the inlet air to the engine. EGR is one example,
with C02
control of SO2 emissions would be ammonia (NH3) addition. Ammonium

being the primary "air additive'". One potential candidate for

sulfate might be formed. The commercial process for making ammonium
sulfate uses sulfuric acid and ammonia, not 802 and ammonia. However,
several potential drawbacks with this approach are evident. First, NH3
would most probably decompose to nitrogen and hydrogen at combustion
temperature. Second, even if it did not decompose, NH3 could be oxidized

to NO increasing the NOx control task (particularly if an oxidation

catalyst is used). Third, even if ammonium sulfate were formed it is not
clear to the report team that this kind of emission is a harmless onme.
Fourth, the hardware and extra maintenance required to keep any sort of

air additive system functioning on the vehicle implies higher customer
costs. Finally, current sulfuric acid analysis techniques do not
distinguish between sulfuric acid and ammonium sulfate, though they can

be modified to detect such differences. Ammonia injection after.the
oxidation catalyst, though not a combustion modification, may be a technique
to provide ammonia at a more useful location, but would be subject to the

last three drawbacks which were previously mentioned.

Other additives for the inlet air stream would appear to have at
least the same drawback as the fourth comment cited above for NH

addition.

3

The combustion modification approach does not appear to be too
promising at this point in time, and it is understandable why little

work was reported in this area.
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SECTION 7

HOW CAN SULFURIC ACID EMISSIONS BE CONTROLLED
FROM CATALYST AUTOMOBILES?

7.1 Oxidation Catalyst Systems

Oxidation catalysts have been criticized due to their role in the
generation of sulfuric acid emissions. Often overlooked are the HC, and
CO benefits provided by the catalyst and the engine calibration flex- °
ibility provided by catalysts which in turn provides for more optimal
fuel economy. ' This is quite apparent in the 26.6% overall improvement

in fuel economy of the 1976 models over the 1974 models.*
7.1.1 Oxidation Catalyst Modifications

Dramatic reductions of sulfuric acid emissions from catalyst
modification have not been realized at this point in time. There are
several reasons.for this in the opinion of the repoft team: 1) final
sulfuric acid testing procedures and sulfuric acid emission standards
have not yet been established, 2) most auto manufacturers depend on
suppliers for>improvements in catalyst technology, 3) neither the
manufacturers nor the catalyst suppliers have had sulfuric acid testing
capabilities very long, and 4) the sulfuric acid emissions of present

systems are not yet completely understood.

The following séctions discuss catalyst parameters which have been

investigated for sulfuric acid reduction potential. All HC, CO, and NOx

*T. C. Austin, R. B. Michael and G. R. Service, 'Passenger Car
Fuel Economy Trends Through 1976," SAE Paper 750957.
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emission values are from 1975 FTP tests and sulfuric acid emission
values are from the test indicated in the table and are corrected to

0.030 wt% sulfur in the fuel.
Type of active material

A few base metal catalysts have been examined for sulfuric acid emis-

sions. Those tests are présented in Table 7-1. The base metal catalyst

on the Ford véhicle demonstrated no improvements over mnoble metal catalysts,
but the GM catalyst did. No firm conclusions about suifpric acid emissions
from base metal catalysts can be made from this data. ‘In light of past
durability problems (primarily sulfur tolerance problems) base metal
catalysts aione do not appear to be the optimum solution in the near

future. There is work going on, however, to utilize noble metal-promoted-
base metals catalysts. These catalysts are primarily base metal, but

have small amounts of noblé metals added to improve their activity and

poison tolerance.
. Active metal composition

Various noble metals combinations which are currently used in oxidation
catalysts have been examined for potential sulfuric acid emission
reductions. These data are presented in Table .7-2. The only data which
indicate that platinum/rhodium catalysts do not provide reduced sulfate
emissions are from Johnson-Matthey (J-M), the parent company of Matthey-
Bishop (M-B). The J-M data is not convincing since all data points are

at extremely low levels of sulfuric acid emissions, but J-M's disagreement
is significant since they have more production experience with Pt/Rh
catalysts than any other catalyst manufacturer. M-B indicates that they
are not certain, but they believe that differences in their substrate

are responsible for lower sulfuric acid emissions. The data indicate no
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£=L

Tested
by Model CID AIR EGR
EPA Ford LTD 400 x X
GM X
P Pelleted catalyst

=
non

Monolith catalyst

* Corrected to 0.30 wt %Z S

Table 7-1

Base Metal Oxidation Catalysts

Type

CiDp

Active
Materials Mileage
Cu/Cr/Zn

860

'75 FTP
HC Cco NOx
gpm  gpm  gpm

.15 3.12 1.93

.50 8.65 1.55

HS04
mgpm

66
26
80
41
46
36
15

*
x
1,
5

[

H2S04
Preconditioning

H;S804
Test Cycle

200 mi of 30 SS

Above
Above
Above
Above
Above
Above

+ 75 FTP
+ 2 SC-7's
+ 4 SC-7's
+ HWFET
4+ 3 HWFET

30 SS-Stabilizea
75 FTP

sC-7

Sc-7

HWFET

HWFET

60 SS

72 ¥TP

72 FTP
72 FTP



7-L

Tested
by

Exxon

EPA

Model CID

351

350

'75 Fury 318

AIR  EGR

X

AC

AC

UoP

Ch

Ch

Hoble Metal Composition

Type CID
Ox

Ox

Ox

Table 7-2

Active

Materials Mileage

Pt

Pt/Pd

Pt

Pt/Pd

Pt/Rh(93/7 4000
.1 t.o.)

Pt/Pd (70/

30 .1 t.o.) 500
Pt (100/0

At

'75 FiP -
HC Cco NOx Hy S0y H9S04 H2804
gpm gpm  gpm mgpm Preconditioning Test Cycle
23 FTP-1
48 60 SS-1
36 60 SS-2
39 60 SS~3
36 60 SS-4
39 FTP-2
20 FTP-1
56 60 Ss-1
44 60 S5-2
44 60 SS-3
44 60 SS-4
23 FTP-2
32 FTP-1
140 60 SS-1
55 60 SS-2
46 60 SS-3
46 60 SS-4
7 FTP-2
17 FTP-1
109 60 SS-1
49 60 SS-2
47 60 SS-3
52 60 SS~-4
8 FTP-2
.48 5,72 1.61 11 30 SS
50 60 SS
.27 3.45 1.65 28 30 SS
73 60 SS
.62 3.64 1.88 19 30 SS
89 60 SS



S-L

Model CID AIR

'75 Fury 318 X

Beetle

Capri

EGR

B

Ch

Ch

Table 7-2 (continued)
Noble Metal Composition

----- Catalyst——————ww—

Active
Type CID Materials Mileage

Ox Pt/Pd (70/ 50,000
30 .1 t.o.)
ox Pt (100/0 50,000
.1 t.o.)
Pt
Pt/Pd
Pt/Rh
0ox Pt fresh
cat.
Ox Pt/Rh fresh
cat

.36
.33
42

4.78

5.54

.76

.67

H2S0, HpS0,

mgpm Preconditioning
23 Stabilized 30 SS
78 Stabilized 60 SS
11 Stabilized 30 SS
78 Stabilized 60 SS
4
1
1

PO WNON

hz504
Test Cycle

75 FTP
75 FTP
75 FTP

FTP
55 Ss
30 Ss
FTP
55 SS
30 ss



significant differences between all platinum (Pt) and platinum/palladium
(Pt/Pd). More information will be provided by a current EPA contract

with Exxon and future Ford studies.

Pt/Pd catalysts are said to have better light~off characteristics
than all Pt catalysts. M-B indicates that all Pt catalysts have better
durability than Pt/Rh catalysts as shown in Figure 7-1. Pt/Pd catalyst
durability is said to be poorer than all Pt, but better than for Pt/Rh.

Active metal loading

The only vehicle results available agree with earlier GM laboratory work
in that they indicate only very small increases in sulfuric acid emis-
sions for increases in noble metal loading. The increase in noble metal
loading was about 60% in Pt/Pd for the pelleted catalyst. These results
are presented in Figures 7-2*% and 7-3*. Only Pt/Pd was used -in these
tests. These results need to be verified for Pt and Pt/Rh as well. Also
the increased loading concept needs to be verified on the SC-~7. This
could be important as increased noble metal loadings are known to provide

improved durability for HC and CO.
. Dispersion of active metal

Perovskite catalysts are being tested which contain the active metals in
a lattice structure. DuPont has indicated that the perovskite catalysts
have improved thermal stability which would enable them tb be placed
closer to the.exhaust manifold. This could provide higher temperature
operation for reduced sulfuric acid emissions and improved HC conversion
efficiency. HC conversion has not been very high when operated at

conventional temperatures for the perovskite oxidation catalysts. These

*E. L. Holt, K. C. Bachman, W. R. Leppard, E. E. Wigg, and
J. H. Somers, "Control of Automotive Sulfate Emissions", SAE paper 750683.
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catalysts are also said to be chemically stable and could possibly
tolerate operation with leaded fuels. This could potentially reduce
sulfuric acid emissions also. No vehicle data on sulfuric acid emis-
sions is available yet, but lab data from Chrysler indicates a 50%

reduction as compared to conventional oxidation catalysts.

The effect of conventional dispersion, i.e., how the active sites
are distributed on the catalyst, on sulfuric acid emissions has not been

reported.
. Catalyst volume and space velocity

Since space velocity is defined as the exhaust gas flow rate divided by
the converter volume, space velocity and catalyst volume will be dis-
cussed together; Early laboratory test data had indicated that sulfuric
acid emissions would increase as the catalyst volume increased (or space
velocity decreésed). The Exxon vehicle data presented in Figures 7-2,
7-3, 7-4, and 7?5 indicate a contrary reéult. There was generally no
increase and.even reductions of sulfuric acid emissions with increased
catalyst volume. The two pelleted catalysts were 160 and 260 cubic
inches respectively, and two monoliths were used in place of one to
increase the volume. The Exxon tests were on 1975 FTP's and 60 SS so
this effect can ﬁot automatically be assumed to be similar over the SC-
7, but these initial tests were very encouraging. The effect of catalyst
volume must be determined as this is an important pafameter which can be
used to recover possible losses in HC and CO control if exhaust oxygen
levels are fédqud to control sulfuric acid, if these initial Exxon

results are found to be accurate.

This has become a very important issue to EPA as some vehicle
manufacturers are now reducing catalyst volumes and making claims of
sulfuric acid emission improvements - with no vehicle results to sub-

stantiate those claims. If the Exxon results are correct, then HC and
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CO durability and emissions will possibly be degraded with no improve-

ment in sulfuric acid emissions.

Catalyst'parameters such as washcoat or pellet composition, pre-
paration, énd‘surface area have not been studied for effects on vehicle
sulfuric acid emissions. These studies should probably be done by
catalyst manufacturers, who have the most expertise in this area, al-
though the automobile manufactufers have some capability, too. This is
a good example of a possible cooperative catalyst development program
between the auto makers and catalyst suppliers. No such program has

been reportéd.

Selective poisoning of oxidation catalysts has been discussed by
many manufacturers but only Chrysler reported work in this area. The
Chrysler efforts consisted of brief lab testing which demonstrated about
a 50% reduction in sulfuric acid with lead poisoning. 1In the same
study, Chrysler also successfully heat aged two catalysts. Sulfuric
acid reductions from heat aging were comparable to the results from
selective poisoning. Changes in HC and CO efficiency were not reported.
Since it is known that some catalysts used in the contact process for
making sulfuric acid are poisoned by arsenic, the 1ack of any data from
testing selective catalyst poisons is disappointing and a major area in

which information is lacking.

Others. have looked at the effects of catalyst aging in actual
vehicle testing as in table 7-3. Only the VW testing used the same
catalyst (as opposed to two identical catalysts - one relatively fresh
and the other aged) for sulfuric acid testing during mileage accumulation.
The results in Table 7-3 are not sufficient to be absolutely conclusive,
but the indication is that sulfuric acid emissions decrease with aging.
This agrees with previous lab work’and.would be expected. As HC and CO
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Tested by

Exxon

EPA

Model

'75 Chevrolet

'75 Fury

CID

318

Table 7-3
Catalyst Aging

Active HC Cco NOx

AIR EGR P M Type CID Materials Mileage gpm gpm gpm

AC Ox .19 2.28
.19 2.26
AC Ox .18 2.16
.17 1.47
x Ox .19 2.16
x Ox .19 2.16
.27  2.80
.22 2.73
X Ch Ox 150 Pt/Pd (70/ 500 .27 3.48 1.65
30 .1 t.o)
Ch Ox 150 Pt/Pd (70/ 50,000 .53 5.54 1.64
30 .1 t.o)
Ch Ox 150 Pt(100/0 .1 500 .62 3.64 1.88
t.o)
Ch Ox 150 Pt (100/0 50,000

.1 t.o)

H2S04 H2S0¢ HyS0,
ngpm Preconditioning Comments ‘Test Cycle
10 Fresh FiP-1
98 60 55-1
58 60 55-2
44 60 S5-3
36 60 SS-4
3 FTP-2
4 Aged FiP~1
96 bU SS-1
37 60 SS-2
28 60 SS-3
21 60 SS-4
0.7 FTP-2
20 Fresh FTP-1
56 60 55-1
44 60 SS-Z
44 60 S$5-5
44 bU Sb5-4
23 FTP=-2
7 Aged FTP-1
37 60 SS-1
28 60 Ss5-2
23 60 S5-3
26 oU S5S-4
26 FTP-2
28 30 S5-stabilized
73 60 SS-Stabilized
23 30 58-Stabilized
78 60 SS-Stabilized
19
89
11
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Table 7.3 (continued)
Catalyst Aging

—————————--Catalyst-————— = —————— '75 FIP-————--—-
Active HC co NOx H,yS0, H2504 H:504
Tested by Model CID AIR EGR P M Type (CID Materials Mileage gpm  gpm  gpm mgpm Preconditioning Test Cycle
W Beetle X Pt/Rh 5,000 43 7.82 1,38 8 75 FTP
: 10,000 .68 6.10 1.26 6 75 FTP
15,000 .59 5,51 1,15 3 75 FTP
22,500 .62 6.29 1.5 3 75 FTP
VW Dasher X Pt/Rh 5,000 .63 4,52 1.38 3 75 FTP
10,000 .59 6.28 1,97 3 75 FTP
15,000 .71 6.96 1.35 3 75 FTP
22,500 .72 5.50 1.59 2 75 FTP



oxidation deteriorates over mileage accumulation, SO2 oxidation is
assumed to deteriorate as well. This data would indicate that in a
certification pfocedure the deterioration factor for sulfuric acid
emissions would probably be a value of 1.0 for almost all vehicles if
the sulfuric acid deterioration factor is calculated as currently done
for HC, CO, and NOx. The Exxon fleet testing* of twenty 1975 California
vehicles over 32,000 miles further supports this conclusion even though

AMA mileage accumulation was not used in this study.
7.1.2 Modifications of Oxidation Catalyst Feedgases

It is the conclusion of this study that the primary sulfuric acid
control technique that will be used in the near term to control sulfuric
acid emissions will be modifications to the exhaust gases entering the
oxidation catalyst. Oxygen level and temperature will be the primary

control parameters.
Oxygen level

Most investigators, with the possible exception of Ford, agree that
control of the feedgas oxygen levels to the catalyst is the most impor-
tant, controllable factor in the generation of sulfuric acid emissions.
The data in Table 7-4 indicate the effects of low and high exhaust
oxygen levels. Data at oxygen levels between these values have not been
reported, but sulfuric acid emissions would be expected to be inter-
mediate. To fully understand the oxygen levels in Table 7-4 it must be
understood that at a stoichiometric A/F ratio the oxygeﬁ level of the
exhaust into the catalyst is not zero as indicated by ideal combustion
equations. As seen in Figure 7-6, the stoichiometric oxygen level may
be as high as about 0.77%.

*"Fleet Test of 20 1975 California Vehicles,'" Exxon Research and
Engineering Company, October 8, 1975.
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Table 7-4
02 Level Effects

———————————— Catalyst——--——-—-- ) ]
Active T Exh Excess  HC €O NOx HpS0, H504 (1,504
Tested by Model CID AIR EGR P M Type CID Materials °F 02 Level gpm  gpm gpm mgpm  Preconditioning  1est tycle
Exxon '75
Chevrolet 350 warm— AC Ox
up 870 .17 2.38 2 FTP #1
1200 .8% 53 60 SS~1 (1/2 hr)
1200 20 60 SS-2 (1/2 hr)
1200 15 60 SS-3 (1/2 hr)
1200 15 60 SS-4 (1/2 ar)
890 .21 3.44 0.6 FTP i#2
full ox 870 .19 2.28 10 FIP
1150 3.5% 98 60 SS - 1
1150 58 60 SS - 2
1150 44 60 SS - 3
1150 36 60 SS - 4
12 2,26 3 FTP
Exxon 351 warm- x Ox .22 4.90 3 FTP
up 5 60 SS -1
2 60 SS - 2
3 60 SS - 3
4 60 SS - 4
.33 5.73 3 FTP
full x Ox .19 2.16 20 FTP
56 60 SS - 1
44 60 SS - 2
44 60 SS - 3
44 60 SS - 4
19 2,16 23 FTP
VW Beetle None x Ox Pt/Rh .42 5.54 .67 1 75 FTP, lean FI
Beetle None X  3-Way Pt/Rh .18 3.27 .62 2 75 FTP,closed loop
FI :

Dasher bS x  Ox Pt/Rh L4400 4,41 1.45 3 75 FTP, Rich A/F
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Table 7-4 (continued)
0y Level Effects

——————————— Catalyst————=——n=~ ~m———=='75 VTP=—e——mmmmm 1,504 Test
Active Excess HC co NOx H,50, H250,, Cycle and
Tested by Model CID AIR EGR P M Type CID Materials 02 Level Mileage gpm  gpm  gpm mgpm Preconditioning  Comments
Engelhard '75 350 None x FI Ox 153 Pt/Pd .7-1.87%% 25,000 .38  8.34 1.99 4.6 9 mi of city and 75 FTP
Chevelle highway driving
Engelhard '75 Volvo 128 None HNone EI Ox 76 Pt/Pd .9-1.47*% 25,000 .28 2,22 3.61 4.2 75 FP 75 FTP, closed
loop FIL
GM '74 Vega 140 None AC 0x 160 Pt/Pd L12%% .34 5.3 1.0 1.5 500 mi of AMA HWFET, closed
loop, FI
0.9 Above test SC-7 closed loop
FI
L3k% .40 5.7 1.1 0.5 Above tests HWFET, closed
loop F1
0.6 Above tests SC-7, closed loop
FI
1.1%* 47 1.7 1.7 3.2 Above tests HWFET, closed loop
FI
2.4 Above tests SC-7, closed loop
FI
2,2%% .48 1.4 1.4 4.8 Above tests HWFFT, closed loop
FI
3.2 Above tests SC-7, closed loop
F1
Exxon EI Ox .9-1.4 .17 1.37 2.24 1.1 75 FTP
EI 3-Way 0 4,000 .14 1.04 .56 0.8 75 FTP
EI 3-Way e 16,000 .23 2.12 .46 1.7 75 FTP
0.4 HWFET
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Tested by Model CID AIR EGR P

Engelhard '72 351 full x
Galaxie

Engelhard '75 351 None x
Torino

EPA Cutlass lone AC

EPA Cutlass Hone AC

* rotal cat out O2 level

** total 02 level to catalyst

Type

ox

ox
Ox
Ox

Ox

0x

CID

153

153
153

153

Table 7-4 (continued)
02 Level Effects

Active

Pt/Pd

SN £

Excess HC

Muterials lileage 02 Level gpm

4-7%%
4-77*
4-73%
.3-1.5%% .37
25,000
2,500 K wk 41
.48
7,000 13** .37
.55

co
gpm

1.66

1.23

1.25

0.91

1.05

H2S504
mg gm
82

18
54

4.2

1O W b= =
WHEUOUNE HFBMAONDO0ON
* e e v e o . . P
VORRFWE Pucoe

e s
X P CONOC SV O

WNWNNDNDWURNRERERERENN SDDRNN
= N0 O

H280y4
Preconditioning

AMA

AMA
AMA

9 mi of city and
highway driving

1000 mi of AMA
Above
Above
Above
Above

Above

HyS04
Test Cycle

sc-7

SC-7
SC-7

75 FTP

75 FIP
SC-7
sC-7
HFET
Sc-7
75 F1P
SC-7
sc-7

- hFET

SC-7
Sc-7

75 FTP
Sc-7
SC~-7
HFET
SC-7
Sc-7
75 FTP
SC-7
sC-7
HFET
SC-7
SC-7
SC-7
SC-7
sCc-7
SC-7
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Conversion of CO and ethylene as a function of oxygen content for three engine
aged catalysts evaluated on laboratory oxidation test unit.
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There are several items of interest in Table 7-4. First the Exxon
data indicate that by using air injection only during warm up, sulfuric
acid emissions can be greatly reduced. Also of importance here are the
greatly increased CO emissions for the monolithic catalyst vehicle
without full AIR. This apparently is due to the large difference bet-
ween active surface area and catalyst volume between the pelleted catalyst
and khe monolithic catalyst. The increased CO emissions point to the
need'for fuel metering improvements to accompany reduced oxygen levels
at the .41 HC, 3.4 CO levels.

Also of interest are the Volkswagen and Exxon data which utilize
both 3-way and oxidation catalysts. The sulfuric acid emissions from
both types of catalysts are very low when oxygen levels are low. Thus
there is no "magic" reason why 3-way catalysts have low sulfuric acid
emissions, as oxidation catalysts can have low sulfuric acid emissions
* too at similar oxygen levels. In fact 3-way and oxidation catalyst
formulations are not greatly different except that 3-way catalysts are
specifically designed to operate at very low oxygen levels. Because of
their design, 3-way catalysts offer better HC, CO, and NOx conversion
efficiencies than oxidation catalysts at low exhauét oxygen levels. VW
has already certified oxidation catalyst vehicles which depend on the
oxidation catalyst for some NOx control. The GM data also indicate some
NOx conversion at low oxygen levels. The catalyst is a production 160

CID oxidation catalyst.

The Engelhard data indicate large differences in sulfuric acid
emissions at similarly high exhaust oxygen levels. The reasons for
these variations apparently are in the different catalyst formulations.
All the formulations were indicated to be proprietary in the Engelhard

submission.
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The data in Table 7-4 indicate that 1arge,éu1furic acid reductions
can be achieved by appropriate oxygen level control. The HC and CO
penalties shown for the monolithic oxidation catalyst must be carefully

minimized in future work.
Exhaust gas temperature

Equilibrium calculations indicate that sulfuric acid emissions can be
-reduced if the exhaust gas temperature and catalyst operating temperature
can be increased. 1In practice this can be done with exhaust port liners,
exhaust pipe insulation, AIR optimization, and catalyst relocation

nearer the engine exhaust ports. Exxon has done limited vehicle testing.
Their results were shown in Figures 7-2 through 7-5. The temperature
increases were about 200°F for the pellets, and the temperature reduc-
tions were about 180°F for the monoliths. Theée data are not absolutely
conclusiﬁe, but they do suggest that operating temperature increases may
provide only marginal improvements in sulfuric acid emissions. Further
reductiéns may be possible at very high operating temperatures, but
catalyst dﬁrability and exhaust system temperatures are potential problem

areas.

7.2 New Sulfuric Acid Control Systems

7.2.1 Air Injection (AIR) Changes

Current AIR systems in normal operation provide large quantities of
excess air to oxidation catalysts to assist in the oxidation of HC and
co. Thesé_current systems contain valves to divert the compressed.air
to the afmosphere during: a) decelerating conditions to prevent audible
combustion in the exhaust system and b) high engine speed and load

conditions to prevent catalyst overtemperature occurances Or C) as an
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alternative to‘B) conditions when the converter reaches a maximum
allowable température (generallyAhigh speed and load conditions again).
The large quantities of excess air of course contain 1érge amounts of
oxygen. This has been shown to be undesirable because of the excess

oxygen rolé:in the generation of sulfuric acid emissions.

Exxon used a diverter valve in their "limited AIR" vehicles dis-
cussed in section 7.1.2. This system represents a simple "on-off" AIR
control system. Should simple systems such as this fail to provide
statutory HC énd CO control, future AIR control systems could become
much more sophisticated. Hardware such as electronically controlled
clutches (similar to those used for air conditioning compressors) or
variable ratiO'belt drives may be used for improved AIR control. One
manufacturer has suggested the use of feedback (oxygen sensor controlled)
AIR systems as an alternate to feedback fuel metering. This may be
possible, but. the fuel metering system would probably need to operate
over an A/F ratio band which is narrower than that of current carburetors.
With this initial "crude" A/F ratio control the feedback AIR system
could possibly eliminate the leaﬁ transients which result in high sulfuric

acid emissions.

Volvo has reported work on a feedback AIR system; They did not
report any tést results, but they indicated that HC and CO control was
unacceptable; Volvo vehicles now have mechanical fuel injection and it
may be more attractive to them to use feedback controlled fuel (not air)
metering than_fo a manufacturer who has not already accepted the cost of

_fuel injection.
7.2.2. Fuel Metering Improvements

For sulfuric acid emission control at gaseous emission levels more

stringent than 0.9 HC, 9.0 CO, 2.0 NOx, the conventional carburetor
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systems become less attractive from many reasons. These include: 1) a
relatively wide A/F operational band, 2) relatively poor fuel distribution,
3) relatively poor emissions repeatability, 4) high transient HC, CO
emissions, 5) poor cold start emissions, and 6) poor adaptability to

feedback control.

There are many intense efforts going on in the auto industry to
find a suitable replacement for the carburetor or to make an improved
carburetor. Chrysler is developing a carburetor fuel vaporizer to
improve start up characteristics and a fuel injection system. They are
evaluating the Dresser sonic carburetor (through Holley) and the Bendix
fuel injection system. Ford is evaluating many fuel injection systems
including Bosch K~Jetronic, Bosch L-Jetronic, and their own‘system which
uses the vortex shedding principle for air metering. They indicate that
the vortex shédding system is too sophisticated and expensive for use in
production though it does not appear to be much more sophisticated or
expensive than other electronic fuel injection systems. Ford has evaluated
the Dresser device and several of their own devices which are similar
for some time now. Ford also has reported the development of a system
which incorporates fuel injectors into the sonic air metering system.
This apparently is to improve the feedback control capabilities of the
system. They are also working on feedback controlled carburetors in
hopes of making the carburetor compatible with 3-way catalysts. General
Motors reported tests using their IFC carburetor, feedback carburetion, )
and Bendix fuel injection. One Bendix system was reported as ''L-Jetronic"
which indicates that Bendix is doing work with the Bosch air metering

system.

Bendix and Bosch have both offered fuel injection éystems which are
potentially superior to the carburetor in many respects. The domestic
auto induspryfhas not given up the carburetor, however, primarily be-
cause of the current carburetor's low cost, the large capital invest-
ments in carburetor production facilities, and its ability to achieve

current emission levels.
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The adbpﬁibn of 3-way catalyst systems for both sulfuric acid and
regulated’éﬁiésions control would require the ﬁse of advanced fuel
metering. The capability of using feedback control from an oxygen
sensor and'the:compatibility with other electronic emission control
systems sugéééts that electronic fuel metering of some sort is likely to

be adopted in the future.
7.2.3 3¥Way Catalyst Systems

Volvo has been the manufacturer with possibly thevmost extensive
test program with 3-way catalysts. It appears that Volvo vehicles with
3-way catalyéts”may be introducted by 1978. Ford has designated the 3-
way plus ox. cét. system as its prime system for 0.41 HC, 3.4 CO, 0.4
NOx. The very low sulfuric acid of feedback controlled 3-way catalyst
systems will certainly generate increasing interest by other vehicle
manufacturers. = The main reason that interest in 3~-way catalysts 1is not
even higher is that adequate durability has not been demonstrated at the
0.41 HC, 3.4 CO, levels. Figures 7-7 through 7-12 summarize Volvo
durability_effofts. The Johnson-Matthey (J-M) catalyst and the Engel-
hard IIB catalysts are oxidation catalysts, not 3-way catalysts. It
must be kept'iﬁ mind that 3-way catalysts are relatively new, compared
to oxidation catalysts. Their current durability performance may. be
improved in fﬁé near future, as more work is done. The recently revised
fuel contaminant levels for certification fuels (modified to be con-
sistent with field levels) will helpAexisting and new 3-way catalysts
also.

7.2.3.1 ° 3-Way Catalysts Without Feedback
In Table 7-5 Volkswagen has illustrated ﬁotential 3-way catalyst

emission control systems without feedback. The actual catalysts used by

VW were oxidation catalysts (both Pt/Rh), but the calibration techniques
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Figure 7-7
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Figure 7-8
co DURABILITY of 3-Way Catalysts
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are equally valid for 3-way catalyst systems without feedback. The
Beetle utilized a lean operating fuel injection system without air
injection. The Dasher used rich carburetion and air injection. The low
sulfuric acid emissions indicate that the exhaust oxygen levels to the
catalyst may have been quite low in both cases. The preferred approach
would be the lean fuel injection system because of fuel economy advantages.
Other fuel metering systems could be used in place of the fuel injection,
but the catalyst efficiencies for HC, CO, and NOx are highly dependent
on the capability of the fuel metering system to remain near or within
the A/F ratio operating '"window'". The '"window'" concept is illustrated
in Figure 7-13. HC and CO efficiency are lost during rich A/F ratio
fluctuations and NOx efficiency is lost during lean fluctuatioms.

Table 7-5
* . Results of Volkswagen Calibration Techniques
Test HC co NOx H2804
Cycle e mm e m g /M = e e e mgpm
Beetle 75 FTP .42 5.54 .67 1

Dasher 75 FTP 44 4.41 1.45 3
7.2.3.2 3-Way Catalysts With Feedback

The use of feedback control to the fuel or air metering system
from an oxygen sensor is much more promising than the 3-way catalyst
system without feedback, because of its improved capability to operate
within the A/F window. A Bosch sensor is shown in Figure 7-14 and a
schematic of a current feedback controlled 3-way catalyst is shown in
Figure 7-15. This system utilized feedback control of the fuel injec-
tion system. The sensor life has been estimated to be gfeater than
15,000 miles by Bosch. GM indicates a much longer sensor life - pos-
sibly 50,000 miles. The sensor cost is estimated to be about five

dollars.
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The Volvo durability data indicate potential down to about 0.41
HC, 3.4 CO, 1.0 NOx without the use of EGR if a catalyst change is
considered (see Kali Chemie data). The capabilities of 3-way catalyst
systems at 0.4 NOx are uncertain since little has been done with the
best EGR systems, but the sulfuric acid emissions would still be ex-
pected to be very low (less than 5 mgpm). Table 7-6 presents data from
closed loop 3-way catalyst vehicles. All use closed loop fuel injection

operated at stoichiometry except for one as noted.

Other fuel metering systems such as carburetors may also be
used. Those systems which incorporate electronic fuel control appear
most promising due to better time response. The Ford sonic system with
electronic injectors is a notable example. Not only does this Ford
system appear favorable in terms of cost, but also in terms of potential
HC, CO control, potential sulfuric acid control, adaptability to altitude
compensation, and adaptability of other electronic emission control

devices.
7.2.3.3 3-Way Catalyst Modifications

There has been no incentive to modify 3-way catalysts for
lower sulfuric acid emissions as they are already very low, usually less
than 5 mgpm when used with the appropriate closed loop hardware. Cur-
rent emphasis is on improving catalyst durability and widening the A/F

ratio "window" of operation.

Though not a catalyst modification as such, Engelhard has
indicated (see Figure 7-6) that it is important for HC, CO control at
low oxygen input levels to retain palladium in 3-way catalyst formulations.
The conversion efficiencies in Figure 7-6 were not confirmed by 1975 FTP
results, but indicate improvements in warmed-up efficiency as opposed to

improved light off characteristics. Conspicuously absent was an analysis
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Table 7-6
3-Way Catalysts

Catalyst———=——=e—-eee  TTm=——== '75 FiPmmmmm————— H;504 Test
Tested : Active Excess HC co NOx H9S04 Hy 50, Cycie and
by Model Ccip AIR  EGR P M Type jan] Materials 02 level Mileage gpm gpm gpm mgpm Preconditioning Comments
Exxon Volvo* EI Ox .9-1.47% .17 1.37 2.24 1.1 FTP, lean
closed loop
FI1
EI 3~Way ’ 0 4,000 14 1.04 .56 0.8 FTP,closed
loop FI
0 16,000 .23 2,12 .46 1.7 FTP, HWFET
0.4
0 .25 2.00 .41
Toyota 1600 None x Toy 3-Way Pt/Rh 20,000 .43 2.56 1.47 0.2 30 mi @ 30 SS ilot 72 FTP,
ce closed loop
FI
0.08 50 SS
0.1 30 Ss
0.08 50 SS
0.1 Hot 72 FTP
EPA Volvo 128 None Hone EI 3-Way 102 TWC-1 0.2%%* 4,000 .219 .735 1.73 0 75 FTP
0 LHWFET
0 60 SS
Exxon Volvo 128 None None EI 3-Way 102 TWC-9 4,000 .22 1.93 .87 6.9 16.6 9 mi of 75 FTP,
city & highway closed loop
driving FL
- 4,000 .21 1.40 .91 1.2 16.1 75 FTP
14,000 2.1 75 FTP
1.2 FTP 55 SS
0.4  Above + 45 mi 55 SS
of 55 SS
) . . . 0.3  Above + 55 mi 30 SS
* lean biased fuel injection of 55 SS
*% total oxygen level . 0.4 Above + 30 SS HWFET
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Figure 7-14
Oxygen Sensor
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of the effects of rhodium, as most 3-way catalysts currently use rhodium
with platinum. Engelhard has also indicated that the EPA amendment to
the durability fuel specifications which eliminated the minimum lead and
phosphorus levels will have "a significant beneficial effect" for 3-way
catalyst systems. NOx emissions (apparently NOx durability) are expected
to be significantly improved with HC, CO emissions slightly improved.

The pervoskite 3-way catalysts developed by DuPont seem to
have HC efficiency problems similar to their oxidation catalyst counter-

parts, but more.work is needed in this area.
7.2.4 3-Way Plus Oxidation Catalyst Systems

This system is similar to the 3-way catalyst system with an oxidation
catalyst added for clean up of HC and CO. An AIR system would probably
be added to insure an oxidizing atmosphere in the second catalyst. Ford
has designated this system as its prime system at statutory emission
levels, (0.41 HC, 3.4 CO, 0.4 NOx). The sulfuric acid emissions of such
a system would depend on the amount of air injected to the oxidation
catalyst. If the amount of air were similar to current systems, the
sulfuric acid emissions would probably be high. It may be that this
amount of air could be much less as the HC and CO conversion require-
ments should be less than required of current oxidation catalysts.
Feedback AiR system control for the oxidation catalyst is feasible and
perhaps not too costly, as considerable electronics will already be

present to provide stoichiometric mixtures to the 3-way catalyst.

General Motors presented the vehicle data in Figure 7-16 on a 3-way
plus ox. cat. system. The vehicle used.closed loop carburetion and
operated with .062 wt%Z sulfur in the fuel. This is more than twice the
national average sulfur level that all other data in this report has

been corrected to (.030). The sulfuric acid emissions of this vehicle
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are low over both the FTP and the SC-7. The large differences between
sulfuric acid emissions over the 30 SS and 40 SS vs. the FTP and SC-7
cannot be explained without further knowledge of the emission control

system and test sequence.
7.2.5 Dual Catalyst Systems

A dual catalyst system contains a reduction catalyst followed by an
oxidation catalyst. These systems currently have demonstrated the best
durability to date of all potential systems at 0.41 HC, 3.4 CO, 0.4
NOx. Most durability has been run with only marginally acceptable fuel
metering systems - conventional carburetors. The use of ad§anced fuel

metering systems should further improve their durability performance.

Table 7-7 contains - -the sulfuric acid emissions reported on the Chrysler
and AMC Gould catalyst equipped cars. The sulfuric acid emissions of
the Chrysler car are relatively low. There may be several reasons for
this. First is the possibility of low air injection rates as Chrysler
reported air pump failure shortly afterward. The proximity of the HC,
CO emissions to the statutory levels indicate considerable HC, CO con-
version, hoﬁever. Second is the possibility that the HC, CO oxidation
reactions arelpreferred to the 802 oxidation reactions as indicated in
Ford lab studies. The CO levels to the oxidation catalyst are high with
dual catalyst systems because of their rich A/F ratio calibrations. The
sulfuric acid emissions of the AMC car are similar to those of an oxida-~

tion catalyst car with air.
7.2.5.1 Reduction Catalyst Modifications
Vehicle manufacturers have expended no efforts to improve

reduction catalysts for the purpose of sulfuric acid control. This is

because of the priority given to understanding sulfuric acid emissions
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Mfr.

Chrysler

AC

Model

73 Polara

CID

360

——————————— Catalyst
M Type  CID
Red
Ch Ox
Red
ox

Table 7.7

Dual Catalyst Systems

Active
Materials Mileage
Pt/Pd 5000

&pm

.46

co NOx
gpm  gpm
6.37 .82
5.7 1.06

A AR Oy S —

H3504 test
H2804 H2S04 Cycle and
mgpm Preconditioning Comments
2 1 SC-7 sC-7
2.5 3 SC-7's Sc-7
1.3 5 8C-7's SC-7
14.8 1 sc-7 SC-7 Fresh
8.1 3 8C-7's SC-7 Fresh
8.3 5 SC~7's SC-7 Fresh
7.9 7 SC-7's SC-7 Fresh
3.9 '75 F1P
19.1 Sc-7
29.4 SC-7
51.< HFET
41.0 Sc-7
33.5 SC-7
3.7 '75 ¥TP
30.9 SC-7
34,4 - S¢-7
55.9 HIET
41,0 SC-7
49.6 SC-7

ox

(0):4
[0).4

cat
cat
cat
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from oxidation catalysts and the apparent dependence of sulfuric acid
emissions from a dual catalyst system on the exhaust oxygen level to the

oxidation catalyst.

DuPont has also developed pervoskite reduction catalysts.
Chrysler lab tests indicate that they are very active, but theilr effect

on sulfuric acid emissions is unknown.

Gould has been modifying their reduction catalyst though not
for the purpose of decreasing sulfuric acid emissions. The modification
is being made to improve the sulfur tolerance of their base metal catalyst.

This problem has not been reported for other reduction catalysts.

7.2.6 Start Catalyst Systems

A start catalyst is a low thermal inertia oxidation catalyst which
is mounted near the exhaust ports of the engine. The light-off time is
more important, and resistance to "breakthrough" is less important than
for a main catalyst. Both GM and Chrysler considered the use of start

catalysts before suspension of the 1977 emission standards.

Start catalysts may be useful for sulfuric acid emissions and
gaseous emissions control for vehicles with and without main oxidation.
catalysts. A warm up AIR system would probably be needed in either
case. Without a main catalyst, the start catalyst would assist in
lowering emissions to achieve the .9 HC, 9 CO, 2.0 NOx levels. It
appears that current start catalyst durability may not be sufficient for
continuous operation, so a start catalyst must be removed from the
exhaust stream after the main catalyst has iit off or after cold start
enrichment has ended if a main catalyst is not used. If the DuPont
catalyst is shown to have.the high temperature capability claimed for
it, it might make a natural start catalyst, especially if it could be
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left on-stream all the time. The resulting system could be cheaper than

a switched-out start catalyst.

Chrysler reported 60SS results from a 360 CID Cordoba with a start
catalyst, a main catalyst, and AIR, The sulfuric acid emissions ranged

from 16 to 27 mgpm with .0087% sulfur in the fuel.

For the no main catalyst case, sulfuric acid emissions would
increase slightly over non-catalyst vehicles, but would be less than for
vehicles with main catalysts and high exhaust O2 levels, With a main
catalyst, the start catalyst could offer improved cold start HC, CO
control so that exhaust O2 levels and sulfﬁric acid emissions could be

reduced.

Start catalysts could be used in 3-way catalyst'systems which use
feedback AIR control in place of feedback fuel metering. The sulfuric
acid penalty would be -very small, and the improved light off charac~-
teristics would assist in HC, CO, and NOx control. Start catalysts
could similarly be used in 3-way plus ox. cat systems. Current 3-way
systems do not use the AIR system and would have to add it to gain start
catalyst benefits.

7.2.7 Super Early Fuel Evaporation (Super EFE)

Super EFE systems are quick heat intake manifolds developed by
General Motors. These systems are used for start up. They block the
exhaust flow from both banks of a V-8 engine and divert the exhaust flow
under the floor of the intake manifold and out a third exhaust pipe as
in Figure 7-17. The floor of the intake manifold is a high heat trans-
fer, finned plate. GM has stated that problems with super EFE include;
1) coking of the heat transfer plate, 2) casting difficulties, 3) dura-

bility, and 4) cost and complexity. However, resolution of these problems
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may be possible and such systems may be found perferable to exhaust

oxygen level control systems at low HC, CO, and NOx levels.

The super EFE system with a conventional carburetor has been re-
ported to have achieved the 0.41 HC, 3.4 CO, 2.0 NOx levels without
catalytic treatment of the exhaust. Thus the sulfuric acid emissions
would be very low. A big fuel economy penalty was reported, but a start
catalyst in the third exhaust pipe as in Figure 7-17 could assist in
gaining HC and CO control that could be traded off for more optimal fuel
economy. The addition of a main catalyst could further improve the HC,

CO control and/or fuel economy.
7.2.8 Electronic Emission Control Systems

Both Ford and Chrysler have plans for the introduction of electronic
spark control on some 1976 model year vehicles. Electronic fuel in-
jection is in production on two GM vehicles. Ford and Chfysler are
developing electronic EGR control systems. All three are developing
electronic fuel metering systems. Evidence is accumulating that elec-
tronic emission control systems will be used in conjunction with catalysts
to achieve statutory emission levels. Sulfuric acid emission control
will provide another reason for going to feedback controlled electronic
fuel metering systems or air injection systems. Once the cost of either
of these systems is accepted, full electronic control of many functions

may soon follow. These could include:

engine air/fuel metering

exhaust air injection control
. spark control

EGR control

. altitude compensation
. transmission shift points
.  anti-skid control of the vehicle
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7.2.9 Sulfuric Acid Traps
7.2.9.1 Mechanical Traps

Sulfuric acid traps involve removing sulfuric acid after it is
formed in the catalyst by either mechanical or chemical means. Mechanical
traps would be similar to traps developed by DuPont and Ethyl for lead
additives. These traps work by centrifugally removing exhaust particulates.
While these traps have been demonstrated adequately for lead compounds,
there is serious questions that they would work for.sulfuric acid.

Sulfuric acid would probably not.con&ense as a particulate in the exhaust
system but still be in gaseous form. Mechanical traps are ineffective
in removing gases. Chemical traps which remove sulfuric acid by an

acid-base chemical reaction seem to be the only feasible type of trap.
7.2.9.1 Chemical Traps

Much of the work on chemical traps has been done by EPA through
contract with Exxon Research and Engineering. Both GM and Ford have

started trap programs but have extremely limited results to report.

Most of the work that has been done involyes screening various
materials for use in the trap. The screening is done in a laboratory
apparatus that uses a synthetic exhaust gas blended from gas cylinders
to contain sulfuric acid, SOZ’ and other components found in automotive
exhaust. Screening materials for use in traps involves examining several

criteria as listed below:
Reactivity for sulfuric acid

High capacity of material for absorption per unit volume

'Small volume increase of material after trapping

7-43



Thermal stability of material

No adverse side reactions

Low water solubility

wa toxicity of material

Little attrition of material with mileage

These criteria were developed by Exxon. Many of the materials screened

by Exxon are listed in Table 7-8.

Table 7-8
Trap Materials Screened by Exxon

85% Ca0, 10% Si0

-A1203

BaO
807% Ca0, 20% SiO2

‘Mg0
85% Mg0, 107 SiOz; 5% Na20

CaCO3 as marble chips

ZrO2 (zirconia)

Micro-cel
Zn0
97% Ca0, 37 aluminum sterate

MnO2

93 5% Na20

These tests show the calcium oxide mixtures to be most effective in
reacting with sulfuric acid. The calcium carbonate also seemed promising.
The mixture of calcium, silicon, and sodium oxides removed well over 907%

of the sulfuric acid.

GM haé also screened a number of compounds including'both active

materials on alumina supports and bulk materials with no support. The
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screening apparatus used by GM involves passing actual engine exhaust
through 19 trap samples simultaneously. While this apparatus enables
screening of many materials, it does not allow the efficiency of the
materials, to be determined accurately since there is no way to measure
absorption for each of the individual materials. Also, it is not known
that uniform flow was obtained for all 19 samples. GM has tested the.

following general types of materials:

Supported materials
noble metals on alumina-3 samples
metal oxides on alumina-17 samples
alkali-alkaline earth oxides on
alumina - 5 samples

miscellaneous - 12 samples

Bulk materials
oxides-hydroxides -8 samples
mixed oxides-hydroxides - 5 samples
" metallic systems -7 samples

miscellaneous - 2 samples

GM found most of the supported materials to have satisfactory physical

durability but generally low reactivity towards SO, since less than 65%

3
of the SO3 was absorbed. Many of the bulk materials had poor physical
durability since they broke apart and fragmented. GM feels that a

calcium oxide material seems to offer the most potential at this time.

This is in agreement with the Exxon findings.
Even more limited vehicle tests have been done using traps. Most

of the vehicle test work has been done through an EPA contract with
Exxon. Exxon tested the CaO—SiOZ—NaZO formulation in a trap installed
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on a catalyst vehicle. The vehicle ran for 25,000 miles and the trap
was still reﬁoving about 95% of the sulfuric acid emitted from the
‘catalyst. The pellets in the trap showed glmost no-attrition products.
and had excellent physical stability. However; pressure drop across the
trap increased from an initial value of 1,000 pascals to a final‘value
of 30,000 pascals. The trap material expanded considerably as sulfate
was absorbed thus filling in void -volume and causing the much higher
pressure drdp. The pressure droﬁ was great enbugh so that the vehicle
would hardly operate. Additional work is necessary in designing a trap

that is effective and yet does not have these pressure drop characteristics.

GM is working on a trap that increases in volume as the trap material
expands., The trap contains a moveable plate held in place by a spring
which moves as the trap material increases in volume. This trap has not

been tested yet.

Exxon also tested a trap containing calcium carbonate in the form
of marble chips. The vehicle test showed low reactivity for sulfuric
acid indicating calcium carbonate, at least in this physical form, 1is

not a good trap material.

Exxon is aléo examining use of trap material of a ring type geometry
versus the pellets originally used. The rings have sgfficient void
volume that a satisfactory pressure drop should be obtained. 'Exxon is
fabricating rings made of a suitable trap material and will test them oﬁ

a vehicle shoftly.

Exxon is:also examining other sorbent materials which expand less -

than the CaO—NaZO. It seems the presence of the Na20 results in both
802 and SO3 absorption. A less reactive material resulting in SO

_ 3
absorption but no SO2 absorption should have less expansion. Exxon is
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screening a variety of mixtures of calcium oxide with other compounds.
Unfortunately, these other compounds are not as efféctive as the Ca0O-
SiOZ-NaZO for sulfuric acid but seem to have adequate reactivity. The
most promising mixtures to date contain either diatomite or Portland
cement in éddition to the calcium oxide. The most promising materials
from this extended screening project will be vehicle tested. The vehicle

testing will be complete early in 1976.

The work done to date on sulfuric acid traps is very promising in
that it shows it is possible to build a vehicle trap that removes sulfuric
acid. However, a number of problems must be resolved before these traps
are ready for vehicle application. It is not known at this time whether

sulfuric acid traps can be an option to meet a sulfuric acid standard in
1979,
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SECTION 8

WHAT ABOUT SULFURIC ACID EMISSIONS FROM
OTHER ENGINES?

8.1 "Lean Burn'" Engine

The term "lean burn" engines refers to conventional Otto cycle
engines which have air-fuel metering calibrations leaner than a stio-
chiometric air-fuel ratio. The stratified charge engines which also

operate leaner than stoichiometric will be considered in Section 8.2.
8.1.1 Non-Catalyst Vehlcles with Lean Burn Engines

Non-catalyst vehicles using lean burn engines and lean thermal
reactors have émissions potential down to at least 0.9 HC, 9 CO, 2.0
NOx. As seen in Table 8-1, sulfuric acid emissions from these vehicles
are very low and about equal to other non-catalyst vehicles. These
systems would compete with non-AIR, catalyst systems for use in produc-
tion at the 0.9 HC, 9.0 CO, 2.0 NOx levels. The non-catalyst, lean burn
cars would be expected to have small fuel economy losses and somewhat
lower sulfuric acid levels when compared to non-AIR, catalyst vehicles(

at these emission levels.
8.1.2 Catalyst Vehicles with Lean Burn Engines

Lean burn plus oxidation catalyst vehicles (without AIR or start
catalysts) are potentially competive at the .9 HC, 9 CO, 2.0 NOx levels.
Table 8-2 illustrates that sulfuric acid emissions of catalyst vehicles
with lean burn engines are somewhat lower than catalyst vehicles equipped
with an air pump, but higher than current production non-AIR vehicles.
These levels are assumed to be attributable to the excess oxygen in the

exhaust.
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Table 8-1
Non-Catalyst Lean Burn Cars

—————— '75 FTP-————- tipS0y
HC Cco NOx Test H2504 h2504
Mfr. Model CID AIR EGR Lean Reactor spm gpm apm Cycle MPG mgpa Preconditioning Comments
Ford 7674 Pinto 2.32 None Modulated X .8 5.11 1.54 FTP 19.0
60 mph 1.2 30 mi @ 60 mph 2 tests
30 mph 0.2 70 mi @ 60 mph+ 2 tests
SET-1 0.4 30 mi @ 30 mph 2 tests
Ford T522 LTD(5000IW) 400 Modulated X .89 6.98 1.96 FTP 10.6
60 mph 1.2 30 mi @ 60 mph 2 tests
SET-1 0.6 90 mi @ 60 mph 2 tests
Chrysler New Yorker 440 None  None .87 12.0 2.42 FTP 8.9 "
1150 (55001W) SET-7 2.1* 1 SET-7
SET-7 1.7 3 SET-7's
SET-7 1.7y 5 SET-7's
SET-7 1.3 -7 SET-7's
GM ES65314 None x 1.0 11.0 1.8 FTP
72 FTP 0.7
o 75 FTP 0.5
5 72 FTP 0.5
HWFET 1.0
30 Sss 1.9
40 SS 0.7
50 SS 1.0
60 SS 5.3

* S level of fuel is unknown



Table 8-2
Catalyst Vehicles with Lean Burn Engines

----------- Catalyst-—---——~———- 75 FTPe————e
Active HC co NOx H2S04 H;504 h;504
Mfr. Model CID AIR EGR P M  Type CID Material gpm  gpm gpm mgpm Preconditioning Test Cycle
hrysler New Yorker 440 None None Ch Ox 152 Pt(.02046 .65 8.91 2.51
gm/in3) 14.2% sc7 ¥TP
3.8* sc7
5.4% sc7
6.6 sc7
sc7
M #94332 Chevelle 400 None AC Oox 260 Pt/Pd .26 0.93 1.82
26 800 mi. local sc7
low speed
driving +
1 '75 FIP
28 Above +1 sc7
HWFET + 1
75 FTP
» 32 Above + 1 sc7
5 HWFET + 1
75 FTP

* S level in fuel is unknown



8.2 Stratified Charge Engines

Stratified charge (SC) engines have beeﬁ investigated by E?A and
the automotive industry both for low emissions levels and improved fuel
economy. SC engines have been produced with direct cylinder injection,
(PROCO and the Texaco TCCS) and with divided, separately fueled com-
bustion chambers, (Honda CVCC). Additionally, the direct injection SC

engines have been tested with catalytic converters.

SC engine vehicles have excellent emission potential coupled with
potential for improvements in fuel economy over the conventional Otto
cycle engine. Since SC engines are lean burning engines, it would be
expected that those SC engines which also incorporated a catalyst to
achieve 0.41 HC, 3.4 CO would have high sulfuric acid emissions. The
tests reported to date in Table 8-3 seem to indicate that the two systems
tested have sulfuric acid emission levels more equivalent to non—-AIR
catalyst equipped vehicles. The reasons for this are not known presently,
but may be related to exhaust temperature. Those engines which have no
catalysts are comparable to vehicles with conventional engines without

catalysts.

8.3 Diesel Engines

Few sulfuric acid emission data have been accumulated using the
Diesel engine in LD vehicles. The data are presented in Table 8-4.
These data indicate the Diesel cars had sulfuric acid emission levels
-1like those df vehicles equipped with catalysts, being approximately in
between the catalyst no-AIR and the catalyst with AIR results, and

closer to the lower of the two levels.

It should be pointed out however, that the fuel sulfur level was

seven times higher than the previously reported gasoline levels of
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Table 8-3
Stratified Charge Engines

———————————— Catalyst——————————n- ~emmee='75 FTP-———m=mmm= 113504 Test
Active HC co NOx H580 H2504 Cycle and
Mfr. Model CIp AIR EGR P M Type CID Materials Mileage gpm gpm gpm mgpm Treconditioning Comments
Ford (PROCO) Capri 141 None Con- M/B 0ox 118 1100 .16 .74 .81 3.7 None 75 FTP, 5 tests
stant 4.3 None 75 FTP(hot), & tests
8% 3.4 None HFET 6 tests
6.9 None 60 SS, 10 tests
Toyota CvCC 2000 Unk
(reported) cC 2000 <D.4 None 30 SS, 3 tests
<0.3 None 50 SS, 3 tests
0.9 None 60 SS, 3 tests
GM CVCC No Unk 9.3 4.6 1.5 4 None 72 FTP, 5 tests
2 None 75 FTP, 5 tests
3 None 72 FTP(hot), 5 tests
GM (report- Texaco 141 No Yes 2 Oox 80,115 Pt/Pd Texaco 7615 1.3 .77 2.1 7.5 None 75 FTP
ed) ES64606 Cricket 14
7.5 None sc7
o 65 None HFET
& w/oCat. 2.5 None sc7
7735 2.5 None HFET
GM ES63342 73 Chev- 350 1Mo Unk .83 4.6 1.8 1 None 72 FTP
rolet
350-3
GM ES64329 74 Chev- 350 Mo Unk Manifold i,.0 7.1 1.6 5.5 None 75 FTP
rolet Reactor 0.6 None 72 FTP
350-1FC 0.6 None 72 FTP(hot)
0.3 None 30" SS
0.6 None 40 SS
1.5 None 50 ss
1.7 None HFET
5 Hone 60 SS
1.6 None SC1



Table 8.3 (coentinued)
Stratified Charge Engines

————————————— Catalyst—————~———— '75 FTP H;S504 Test
Active HC co NOx H2S0y, Hy504 Cycle and
Mfr. Model CID AIR EGR P M Type CID Materials Mileage gpm gpm gpm mgpm Preconditioning Comments
Ford T662 2.3L CVCC 2.3L None None Unk 1.13 11.18 1.29 FTP
Pinto 1.0 30 mi @ 60 mph 60SS, 2 tests
0.4 70 mi @ 60 mph 30SS, 2 tests
0.6 70 mi @ 60 mph +
30 mi @ 30 mph SCl , 2 tests
Ford 38A73 400 cvcec 400 None None Unk .49 4,02 1.85 FTP
1.9 30 mi @ 60 mph 60 SS 2 tests
0.3 70 mi @ 60 mph 30 SS 2 tests
2.4 70 mi @ 50 mph + s 2 tests
30 @ 30 mph
Honda* CvCC
0.6 FTP, 3 tests
0.6 72 FIP (hot),3 tests
0.8 HFET, 6 tests
2.3 60 SS, 9 tests
Honda** cvcCe .26 4.02 1.067 0.3 75 FTP
2.6 Sc-7
. 2.4 SC~7
& 0.6 75 FTP
3.6 sc-7
3.1 sc~7

* Tested by EPA
*%* Tested by EPA-ORD
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Mfr. Model CID
Toyota Unk 3000 cC
GM Opel 2.12

2100
GM Experimental

Mercedes* 220D Comprex 2.2

240 2.42

Table 8.4
Diesel Engines

___________ 1] 75 FTP H‘_’SOA jest
HC co NOx HyS0,** 12504 Cycle and
Mileage £pm gpm gpm mgpm Preconditioning Comments
3100 3.8 None
1.9 30 SS 4 tests
3.7 50 Ss 2 tests
60 SS 7 tests
10 Unk #2 Diesel 72 FTP
18 Unk #1 Diesel 72 FTP
12 Unk 72 FTP
.63 1.81 2.64 12/ Unk 75 FTP 16.9 mpg
13 Unk 72 FTP (hot)
12 Unk HEET
8 ~ Unk 30.8s
8 ~ Unk 40 SS
20 - Unk 60 SS
Unk 5.3 FTP 75 FTP
3.6 FTP 75 FTP (hot)
4.5 FTP HFET
3.5 FTP SC
Unk 5.4 FTP 75 FTP (3 tests)
4.6 FTP 75 FTP (hot) (3 tests)
6.3 FTP HFET(3 tests)
5.5 FTP SC (3 tests)
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Table 8.4 (continued)
Diesel Engines

——————————— '75 FTP -— T ' o
HC Cco NOx HyS0y, LS04 hy;S0,
Mfr. Model Cip Mileage £pm gpm gpm mgpm Preconditioning Test Cycle
300D 32 Unk 5.6 FTP 75 FTP
5.2 FTP 75 FTP (hot)

6.8 FTP HFET
6.4 FTP SC-7

Peugeot” 204D 1357ce Unk 4.2 FTP 75 FIP

4.1 FTP 75 FTP (hot)

4.4 FTP HFET
3.1 FTP SC-7

Vi* Rabbit 1.5¢ 4300 .19 .98 1.19 8.5 tone 75 ¥TP
Diesel 4500 10.1 Above sc-7
3.9 Above sCc-7
9.9 Above nFEY
10.1 Above SC-7
10.2 Above sC-7
9.1 Above SC-7
8.6 Above sC-7
9.6 Above HFET
9.3 Above sc-7
3.0 Above sc-7

*
Tested by EPA

kk
Corrected to 0.21% S in fuel



0.03%. Diesel fuel has about 0.21% as the average national fuel sulfur
level. If a desulfurized Diesel fuel were utilized, it is conceivable
that the Diesél’engine would achieve sulfuric acid levels of the non-

catalyst gasoline vehicles.

A word of caution concerning these data should be noted. Concern
has been shown by a number of‘test facilities and investigators that the
amount of particulate carbon emitted by the Diesel engine may be masking
the true sulfate levels observed during the sulfate test procedure.

Further work must be conducted to resolve this controversy.

8.4 Other Lean Engines

A Williams gas turbine was run at the Dow-Midland facility during
1973 and the sulfate results reported were .05 mgpm on the 1975 FTIP and
.4 mgpm during a 50SS. No preconditioning was reported. There was
difficulty with the vehicle test set-up and the sulfate results may not

be representative of the true results obtainable.
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SECTION 9

WHAT IMPACTS ARE LIKELY TO ACCOMPANY
. SULFURIC ACID CONTROL?

Since there has not been a significant amount of work done specif-
ically for sulfuric acid control, this section will discuss future
gaseous emission levels, the emission control options open to manu-
facturers to achieve those gaseous emission levels, the estimated
sulfuric acid emissions of each control option, and the other impacts as
related to each control option. These other impacts will include cost
and fuel economy. A general discussion of lead time and unregulated
pollutants will be presented with special attention given to the lead
time requirements for critical hardware. The relevant time frame for
this sectioﬁ-is 1979-1980.

9.1 Cost, Fuel Economy, and Sulfuric Acid Emissions of Potential

Emission Control Systems

. The following tables indicate the emission control systems which
are options to the manufacturers for 1979-1980. These system selections
are appropriate for automobiles up to 4000 pounds inertia weight.
Systems for heavier vehicles may be somewhat different, but certainly
the vast majority of 1979-1980 vehicles would be included in this
analysis. Only the Otto cycle engine was considered in this analysis as
it will still be the predominant powerplant in 1979-1980. Stratified
charge and Dieselnengines.will probably increase their market shares,

but will still'represent only small portions of the total sales.

The systems abbreviations used in the following tables are:



EGR = Proportional exhaust gas recirculation
AIR = air injection system
TIAIR = improved air injection system (includes proportional AIR

and accel air control)

LB = 1eaﬁvburn engine

OC = oxidation catalyst

SC = start catalyst

3W = 3-way catalyst

DC = dual catalysts (rediction plus oxidation catalysts)

SEFE = super early fuel evaporation system (i.e. 8 cylinder EFE)

IFM = improved fuel metering (i.e. Dresser carburetor or its
equivalent)

CLFI = closed loop fuel injection
TR = thermal reactor
RTR = rich thermal reactor

RCR = reactor-catalyst-reactor (i.e. Questor system)

The cost estimates included Table 9-1 through 9-7 are complete
emission control system or subsystem costs (sticker prices) in 1975
dollars. Total system costs are based on the individual component costs
in Table 9-1. None of the system costs include cétalyst change costs.
It is possible that in certification at emission levels below 0.9 HC,
9.0 CO, 2.0 NOx, any of the catalytic systems could require a catalyst

change.

The multiplicative fuel economy'factors are based on a 1976 model
year fuel economy factor of 1.00. The highest fuel economy factor of
1.08 indicates that an estimated 8% improvement in fuel economy will be
accrued by 1979-1980 by systems changes alone. This does not include
changes in model mix (the switch to ligher cars), improved fransmissions,
reduced aerodynamic drag and rolling resistance, or any of the myriad of

other changes planned for introduction in that time frame to improve

fuel economy.
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Table 9 -1%

Emission Control Component Costs
(Jan 75 Dollars)

Report Team Estimate

Component of Cost
1. PCV Valve 3
2. Evap Control 15
3. Transmission Controlled .
Spark (TCS) 5
4, Anti-Dieseling Solonoid 6
5. Intake air heater 6
6. 0SAC spark conttol 5
7. Hardened valve seats 2
8. Air system 40
9. Advanced Air System 55
10. PEGR 30
11. QHI manifold 10
12. Electric choke . 6
13. HEI ‘ . 30
14, Timing & other control
modulation valves 5
15. 0X catalyst 80 Pellet
' 50 Big Monolith
16. NOx catalyst 60 Each
17. Misc. mods thru ‘74 20
18. EFI ' 180
19. 0., Sensor and feedback electronics 20
20. 3-way catalysts 90
21. Thermal Reactor 100
22, Improved Exhaust System 30
23. QA and other tests 10
24, Ox Pellet cat chg. ‘ 70
25. Mono cat chg. 150
26. EFE 15
27. Start catalyst . 50
28. Improved fuel metering 15
29.  Super EFE 25

* from "Tradeoffs Associated with Possible Auto Emission Standards"
prepared by the Emission Control Technology Division, Mobile Source
Pollution Control, February 1975.



The suifuric acid emissions of each control option are stated as
being less than or equal to a number. This number represents our
estimate of a value which could be achieved by the vast majority of

~vehicles using the specified control system, though not necessarily by

all vehicles using that control system.

The use of sulfuric acid traps has not been considered in this
section because of uncertainties in their availability for the 1979-1980

model years.

. Table 9-2
Systems for 1.5 HC, 15.0 CO, 2.0 NOx for 1979-1980
Fuel Economy H,S0

System Cost Factor EmissiOns, mgpm
EGR+OC* 195 1.08 <15
EGR+AIRHOC 235 , 1.08 , <50

AIR+SC 160 1.08 <30

LB 65 .98 o <10

LB+IFM 80 1.08 ; <10

LB+IR 165 1.08 <10

*System most likely to be used, as indicated by manufacturers
. Discussion of Table 9-2
Systems

The EGRHOC system is similar to the current Federal control systems of
most manufactruers. By 1979-1980 this could actually approach an open
loop, 3~way catalyst system. The EGR+AIR+OC system may not be used as

it offers no édvantages over EGRHOC. The LB+IFM system is very attractive
because of its low cost, low sulfuric acid emissions, and good fuel
economy. The IFM system is the key to this system as it is necessary to
cheaply retain good fuel economy. The IFM system is not ready for
production at this time, but it could possibly be ready for use in 1979.
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Cost

The cost advantages of LB and LB+IFM have been noted already. The LB+IR
system also offers cost advantages with no other penalties at this.
emigssion level., Thermal reactor development programs in the induétry

are ongoing, but at a rather low priority.
Fuel Economy

HC and NOx emissions will not create fuel economy problems except for LB

only systems which would have to use some retard for HC, NOx control.

H2804 Emissions
The sulfuric acid emissions for the AIR+SC system may be unrealistically
high if the start catalyst is switched out of the exhaust éystem. Since
no such system has been tested, the 30 mgpm estimate was used and is
considered to be quite pessimistic. The high sulfuric acid emissions of
the EGR+AIRHOC system indicate that air injection systems which create
very high exhéust-oxygen levels in oxidation catalyst systems cannot be

tolerated if low sulfuric acid emission levels are needed.

Table 9-3
Systems for 0.9 HC, 9.0 CO, 2.0 NOx for 1979-1980
Fuel Economy H SOa
System Cost Factor Emiss%ons, mgpm
EGR+AIR+OC* 235 1.08 <50
EGR+IAIR+OC 250 1.08 <30
EGR+HOC* 195 1.04 <15
EGR+OC+IFM 210 1.08 <10
LB+IFM 80 1.00 <10
LB+TR+IFM 180 1.08 <10
3W+CLFI 290 1.08 <10

Systems most likely to be used, as indicated by manufacturers.
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Discussion of Table 9-3
Sysfems

The EGRHOC system may again approach the open loop 3-way catalyst system.
The 1976 certification results conclusively indicate that these systems
can certify at .9 HC, 9 CO, 2.0 NOx. The IAIR systems are noﬁ partially
developed as proportioning valves and are in production by one small
manufacturer. The accel control system is not developed, but could be

available by 1979.

The LB+IFM system is again very attractive for initial cost, but fuel
economy considerations suggest that port liners and a thermal reactor or

other aftertreatment would be required.
Fuel Economy

Fuel economy considerations suggest that a thermal reactor should be
added to the LB+IFM systems. EGR+OC systems need IFM at this emission

level to avoid retard for HC control.

H2804 Emissions

The sulfuric acid emissions of the EGR+IAIR+0C may be overestimated.
Much greater improvements in sulfuric acid control have ‘been achieved
via AIR system improvements, but at HC, CO penalties. Until the HC and
CO/sulfuric acid emissions/exhaust oxygen level relationships are better

understood, the 30 mgpm estimate will be used.



: Table 9-4
Systems for 0.41 HC, 3.4 CO, 2.0 NOx for 1979-1980

Fuel Economy H,S0
System Cost Factor Emissions mgpm
EGR+AIR+0OC* 235 0.90 <60
EGR+IAIR+0C 250 0.90 <30
EGR+AIRHOC+SC* 285 1.08 <70
EGR+IAIR+0C+SC 300 1.08 <40
EGR+AIR+SEFE 150 0.70 <10
EGR+AIR+SEFE+SC 215 0.85 <20
EGR+AIR+SEFE+OC 260 0.95 <60
EGR+IAIR+SEFE+OC 275 0.95 <30
EGR+AIR+SEFE+OC+SC 310 1.08 <70
EGR+IAIR+SEFE+OC+SC 325 ’ 1.08 <40
LB+OC+IFM 190 1.00 <30
LB+OC+TR+1FM 290 1.08 <30
3W+CLFI 290 1.00 <10
3W+CLFI+AIR+0C 410 1.08 <60
3W+CLFI+AIR+SC 380 1.08 <30

3WHCLFI+IAIRHOC 425 1.08 : <30

*Systems most likely to be used, as indicated by manufacturers.



Table 9-5
Systems for 0.41 HC, 3.4 CO, 1.5 NOx for 1979-1980 -

_ Fuel Economy H,SO
System "Cost Factor Emissions ,mgpm
EGR+AIR+0C* 235 0.85 <60
EGR+IAIRHOC 250 0.85 <30
EGR+AIR+0C+SC* 285 1.08 <70
EGR+IAIRH+OC+SC 300 1.08 <40
EGR+ATR+SEFE+0C 260 0.90 <60
EGR+IAIR+SEFE+OC 275 0.90 - <30
EGR+AIR+SEFE+OC+SC 310 1.08 <70
EGR+IAIR+SEFE+OC+SC 325 1.08 - <40
LB+OC+IFM 190 0.95 <30
LB+TR+OC+IFM#* 290 1.08 ' <30
3W+CLF1 290 0.95 <10
3WH+CLFI+AIR+OC 410 1.08 : <60
3W+CLFI+IAIR+0C 425 1.08 <30
3WHCLFI+AIR+SC 380 1.08 - <30
EGR+AIR+RTR 265 0.90 <10

*Systems most likely to be used as indicated by manufacturers.

~ *XEGR on large cars
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Discussion of Table 9-4 and 9-5
Systems

LB+OC+TR+IFM and LB+OC+IFM systems could approach open loop 3-way catalyst
systems if desirable. The IFM would be used to control the exhaust

oxygen levei,.and sulfuric acid emissions would be much reduced in that
case. The SEFE systems are just appearing, even though they may be
viable at higher emission levels. They were brought in here because

this is the only emission level they have been tested at.
Cost

The most attractive systems are clustered at about $300 initial cost,

and 3WHCLFI has become competitive in price for the first time.
Fuel Economy

The EGR+IAIRH+OC systems and the 3W+CLFI systems are no longer achieving
optimal fuel economy as they become HC control limited. The SEFE systems
are not competitive in fuel economy until they evolve to EGR+AIR+SEFE+OC+SC.

H2804 Emissions
The sulfuric acid emissions of the IAIR systems become very critical in
terms of leaving a large number of control system options open to the
.vehicle manufacturers. The 15 mgpm level of sulfuric acid emissions
leaves many technical options open at 1.5 HC, 15 CO, and 2.0 NOx and at
0.9 HC, 9 CO, 2.0 NOx, but very few are left at 0.41 HC, 3.4 CO, and 2.0
NOx. The sulfuric acid emission level now needs to be 30 mgpm to leave

many of the technical options open.



Table 9-6
Systems for 0.41 HC, 3.4 CO, 1.0 NOx for 1979-1980

: - Fuel Economy H280
System Cost Factor Emissions mgpm
EGk+AIR+OC+SC 285 0.95 <70
EGR+IAIR+OC+SC 300 0.95 <40
EGR+AIR+SEFE+0C+SC 310 1.00 <70
EGR+IAIR+SEFE+0C+SC 325 ‘ 1.00 - 240
EGR+LB+0C+IFM 220 0.95 - <30
EGR+LB+TR+0C+IFM 320 0.95 <30
3W+CLFFI 290 0.90 <10
3W+CLFI+AIR+0C 370 1.00 ‘ <60
EGR+AIR+RTR 265 0.80 <10
EGR+AIR+DC 405 0.90 <60
EGR+IAIR+DC 420 0.90 <30
EGR+AIR+DC+SC 455 1.00 <70

EGR+IAIR+DC+SC 470 1.00 <40
Discussion of Table 9-6

Systems

The 3W+CLFI aﬁd LB systems have reached their currently demonstrated
lower levels of emission control capability. Dual catalyst systems

could possibly be introduced at this level. The start catalyst may not
be needed in a dual catalyst system if the reduction catélyst can perform
this function effectively. 1IFM systems become more important at these
NOx levels for all but dual catalyst vehicles. EGR is no longer capable
of providing all of the NOx control. The fuel economy 1oét by retard .
control of NOx can be partially regained by the IFM which regains some
engine-out HC control which was lost by using high EGR rates.
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Cost

~The lean burn systems are still initially inexpensive, but their fuel -

economy penalty cannot be overcome.
Fuel Economy

All systems are showing fuel economy losses from the .41 HC, 3.4 CO, 1.5
NOx levels. These losses would be recovered later in time as cold start
HC control is improved and manufacturers gain expertise at these emission
levels., There is no inherent reason that fuel economy penalties must

exist at this or any other level of emission control.

H2304 Emissions
Sulfuric acid emissions are again subject to the previous IAIR dis-
cussion. Also the sulfuric acid emissions of dual catalyst systems are

not well defined and may be lower than indicated in this Table.

Table 9-7

Systems for 0.41 HC, 3.4 CO, 0.4 NOx for 1979-1980

A : Fuel Economy H,SO
System Cost Factor Emissions, mgpm
EGR+AIR+3W+CLFI+0C 400 0.90 260
EGR+IAIR+3WHCLFIH+OC 415 0.90 - 230
EGR+AIR+3W+CLFI+0C ' ’

+SC 445 0.95 <70
EGR+IAIR+3W+CLFI .

+0C+SC 460 0.95 240
EGR+AIR+DC 405 0.80 <60
EGR+IAIR+DC 420 0.80 230
EGR+AIR+DC+IFM 420 0.85 260
EGR+IAIR+DC+IFM 435 0.85 <30
EGR+AIR+DC+IFM+SC 470 0.90 <70
EGR+IAIR+DC+IFM+SC 485 0.90 <40
RCR+AIR+IFM 395 0.85 <10
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Discussion of Table 9-7
Systems

The number of system options is much reduced as .only the remaining
systems have 0.4 NOx potential. The RCR+AIR+IFM system (Questor system)
has appeared because of its low NOx and potentially low sulfuric acid

- emission capabilities. IFM or CLFI are necessary for best fuel economy.
Cost

Nearly all system costs are now similar at about $420. The Questor
system is most attractive in terms of initial cost, but not in fuel

~ economy.
Fuel Economy Factor

The fuel economy factors are again reduced, but can probably be recovered

later in time, if development is continued vigorously.

H2504 Emissions

Only the Questor system is extremely low In sulfuric acid emissions.
This is expected because of the absence of an oxidation catalyst in the

oxygen rich exhaust, but must be varified by vehicle testing.

9.2 Production Lead Time Considerations

The production lead times associated with automotive products in

Figure 9-1*% reveal that design approaches for the various emission

*See "Assessment of Domestic Automotive Industry Production Lead
Time for 1975/1976 Model Years," Vol. I and II, December 15, 1972,
prepared by the Aerospace Corporation under EPA Contract No. 68-01-0417.
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control systemé to be manufactured by the vehicle manufacturer for 1979
should be completed by about July 1, 1976. This allows 26 months before
the start of production about August 1, 1978 for the 1979 model year.
The various vehicle manufacturers' esﬁimates for individual components
ranged from 24 to 29 months. . Most of the control hardware in section
9.1 is manufactured by the vehicle manufacturers. Notable exceptions
are the improved fuel metering (IFM), closed loop fuel injection (CLFI),
and catalysts. These items are generally purchased from suppliers and
require about 24 months or less from the date of order to full pro-
duction. The only potential problem hardware in section 9.1 is the
thermal reactors, and then only if they are not made by the vehicle
manufacturer and are purchased from a supplier; The lead times in the
casting industry are normally 36 months from the time of order to full

production.

The emission control system selections for the 1979 model year have
not been made by the vehicle manufacturers, but they should be made
shortly after the sulfuric acid NPRM is published. Hopefully the Con-
gress will also have clarified the gaseous emission requirements for
1979 by this time as well. :

The vehicle manufacturers did not comment on the productivity of
their specific development programs, but only one item discussed in
section 9.1 seems to be lacking in development. This item is the im~
proved AIR system (IAIR), and it is not exﬁected to be a lead time
problem as this is a modification to existing hard&aré and not a totally

new developﬁent program.

9.3 Other Unregulated Emissions from Catalyst Vehicles

Unregulated emissions from catalyst equipped vehicles have been

reported to include hydrogen sulfide, (HZS)’ hydrogen cyanide, (HCN),
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. along with carbonyl sulfide, (COS) and carbon disulfide, (CSZ)’ to name
a few. With the exception of hydrogen sulfide, identifiable by the
"rotten egg" odor, little characterization work has been done to date to

~determine the ievels or the other unregulated emissions, or to char-
acterize the amount of these emissions produced by non-catalyst equipped

vehicles. Work is underway within EPA in this area currently, however.

It is concluded that the conventional gasoline engine, though
characterized for emissions to a large extent, still needs additional
characterization. Hydrogen chloride, hydrogen bromide; chlorine,
"bromine, vinyl chloride and other halogenated compounds have not been
fully characterized from the conventional gasoline eﬂgine utilizing |
leaded fuel. Further, almost no data exist on the levels of hydrogen
cyanide, nitrosoamines, and organic sulfur compounds which could be

emitted in trace quantities from non-catalyst cars.

Further characterization of oxidation catalyst systems needs to be
done, and also dual and 3-way catalyst systems need to be studied. Ad-
ditionally, characterization work must be done on lean burn, stratified
charge, rotary, Diesel, and gas turbine engines, both in the baseline

configurations and with control systems.

Hydrogen sulfide can be emitted from catalyst vehicles when they
operate under rich conditions. Hydrogen sulfide has a characteristic
odor at levels far below those associated with adverse health effects.
Scattered reports have been received of hydrogen sulfide odor from in-
use 1975 catalyst vehicles. EPA is still assessing the magnitude of
this problem and what action can be taken to correct it. Preliminary

indications are that the HZS - emitting vehicles have improperly adjusted

9-15



or defective emission control hardware which results in overly rich
conditions into the catalyst. It is concluded that the HZS problem
should not get any worse than it is now and measures to improve vehicle

maintenance or construction should reduce the incidence of occurance.

The Bell Research Laboratories have identified hydrogen cyanide
(HCN) in laboratory experiments intended to simulate vehicle catalyst
systems and have suggested that HCN might be produced under certain
conditions in sufficient quanities from catalyst equipped vehicles to
present a health hézard. However, the Bell research was conducted as a
laboratory test set-up rather than an actual vehicle test. In view of
the effect of exhaust water content in suppressing HCN formation which
was identified by Bell, there is substantial doubt that significant
quantities of HCN are, in fact, produced by catalyst-equipped vehicles,
although further work is desirable to confirm this. '

Base metal catalysts such as the nickel alloy reduction catalyst
being developed by Gould, Inc. emit certain metallic compounds. Metallic
nickel has been identified and it is suspected that nickel carbonyl and
nickel oxide could be emitted. Reduction catalysts using ruthenium may

emit ruthenium oxide during oxidizing conditions.

Appendix IV provides a further discussion of unregulated automotive

pollutants.
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APPENDIX I

REQUEST FOR SULFURIC ACID INFORMATION FROM
EPA TO THE MANUFACTURERS



1) UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
? WASHINGTON, D.C. 20460

AUG § m OFFICE OF

AIR AND WASTE MANAGEMENT

Mr. Daniel Hittler

Manager, Development Department
American Motors Corporation
14250 Plymouth Road

Detroit, Michigan 48232

Dear Mr. Hittler:

Section 202(b)(4) of the Clean Air Act, as amended, requires the
Environmental Protection Agency to review and report annually to the
Congress on the progress being made in efforts to develop emission
control systems needed to implement Federal motor vehicle emission
standards established under Section 202 of the Act.

On March 5, 1975, EPA granted a one-year suspension of the
effective date of the 1977 emission standards for exhaust emissions of
hydrocarbons and carbon monoxide from light duty vehicles. That
suspension was granted, even though it was found that oxidation
catalyst technology exists which would permit the achievement of the
standards by the statutorily required date, because the EPA Administrator
concluded that such technology could not be considered "effective
under the terms of Section 202(b)(5) of the Act in view of the
potential public health risk posed by emissions of sulfuric acid
from cars -equipped with such emission control systems, particularly
when those systems were designed to achieve maximum degrees of control
of hydrocarbons and carbon monoxide. In additon to granting the one-

" year suspension requested by auto manufacturers, the Administrator
simultaneously announced EPA's intention to adopt a sulfuric acid
emission standard applicable to light duty vehicles beginning with
the 1979 model year and recommended Congressional action to further
delay the imposition of more stringent exhaust hydrocarbon and
carbon monoxide emission standards for light duty vehicles until
suitable limitations on sulfuric acid emissions, as well as those of
hydrocarbons and carbon monoxide, can be achieved.
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As part of the reporting requirements of Section 202(b)(4), and in

support of our dfforts to develop and propose a suitable sulfuric acid
emission standard for light duty vehicles, EPA is conducting an
assessment of the status of efforts to achieve control of exhaust
hydrocarbon and carbon monoxide emissions simultaneously with
minimizing emissions of sulfuric acid. Accordingly, pursuant to
Section 307(a) (1) of the Clean Air Act, you are requested to provide
us with information regarding your efforts to characterize and control
sulfuric acid emissions from light duty vehicles being designed to
achieve various levels of hydrocarbon and carbon monoxide control.
While this request is being made specifically for information
regarding light duty vehicles, submission of relevant information on
light duty trucks, if available, would also be appreciated.

The desired information, which is described in the enclosed

outline, is divided into two main areas: a) data obtained by your
company in characterizing sulfuric acid emissions from various types
of light duty vehicle systems, and b) descriptions of your company's
efforts and results in attempting to minimize sulfuric acid emissions
while achieving stringent levels of hydrocarbon, carbon monoxide, and
oxides of nitrogen control.

The information provided by your company should, in general,

follow the enclosed outline. You may limit the information
supplied in repsonse to this request to that information which is
not previously been supplied to EPA. However, if portions of the
desired information have already been supplied to EPA, please
indicate the appropriate documents by specific reference and supply
copies of the earlier submissions if possible.

Your response should be submitted to EPA no later than September

2, 1975, Three copies should be submitted to:

Director, Emission Control Technology Division
Attentlon: Status Report Team

"U.S. Environmental Protection Agency

Motor Vehicle Emission Laboratory

2565 Plymouth Road

Ann Arbor, Michigan 48105, USA

In addition, please provide two copies of your response to:

Deputy Assistant Administrator for Mobile Source Air Pollution Control
: Attention: Mr. Joseph Merenda (AW-455).
U.S. Environmental Protection Agency
401 M Street, SiV.
Washington, D.C. 20460
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Except for information claimed by the submitter to be trade
secret (the treatment of which is discussed in the enclosed
outline), a copy of each submission will be placed in a public docket
and will be available for public inspection through the Freedom of
Information Center at EPA headquarters in Washington, D.C.

Questions concerning the data requested should be addressed to
Mr. John DeKany, Director of the Emission Control Technology Divisionm,
which Division has primary responsibility within EPA for acquiring and
analyzing data on the status of technology for vehicle emission
control. Also, staff from that Division may contact you for additional
information or explanations, and such request should be deemed by you
as an integral part of the request for data made by this letter.

While gimilar in format to requests made by EPA in previous years
for information on the status of efforts to achieve standards for light
duty vehicle hydrocarbon, carbon monoxide and oxides of nitrogen
emissions, this request focuses specifically only on one aspect of
the feasibility of achieving such standards, and of the costs which may
be associated with doing so, namely, the impact of doing so without
major increases in sulfuric acid emissions. As a result,
this request does not address many other aspects of efforts in
controlling currently regulated automotive pollutants, and a separate
written request for information on those other areas may be
anticipated later this year.

Your cooperation in ensuring that the Environmental Protection
Agency receives clear, detailed, and understandable information
describing the efforts of your company in the characterization and
control of automotive sulfuric acid emissions will contribute materially
to ensuring the availability of a sound technical data base for future
decisions on automotive emission control standards.

.Sincerely yours,
/E?
Roger Strelow
Assistant Administrator

for Air and Waste Management (AW-443)

Enclosure



OUTLINE

FOR LIGHT DUTY VEHICLE SULFURIC ACID EMISSION CONTROL STATUS REPORT

The following outline should be followed in submitting the
requested information. Any information not identified in the
outline or the discussion of the outline that you feel is necessary.
for an accurate description of the technical efforts of your company -
to characterize and develop methods to control light duty vehicle
sulfuric acid emissions may also be included:

I. Characterization of Light Duty Vehicle Sulfuric Acid Emissions -

A.
B.
C.
D.
E.

Non-catalyst production vehicles
Oxidation catalyst production vehicles
Prototype non-catalyst vehicles
Prototype oxidation catalyst vehicles
Prototype advanced catalyst systems

II. Light Duty Vehicle Sulfuric Acid Emission Control Development
Efforts

A.
B.
C.
D.
E.
F,

Re-optimization of existing systems
Catalyst modifications

Air injection modifications

Fuel metering modifications
Advanced catalyst systems

Sulfuric acid traps

IITI. Confidentiality of Trade Secret Information
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DISCUSSION OF OUTLINE

The specific types of information requested for each item
in the outline are discussed in more detail below.

I. Characterization of Light Duty Vehicle Sulfuric Acid Emissions

This section should present and discuss all data obtained by
your company which help to characterize the quantities of sulfuric
acid emitted by light duty vehicles designed to achieve various
levels of HC, CO, and NOx control. Because of the difficulties
in comparing bench test or engine dynamometer data with vehicle test
data, only vheicle data are specifically requested in this section.
However, if your company feels that certain bench or engine test
data would be helpful in understanding or interpreting vehicle
data, bench or engine test data may be included.

Vehicle characterization data should be organized according
to the categories listed in the outline. These categories are
discussed further below. Within each category, the data for each

-vehicle reported on should contain the information requested in
Appendix A.

A, Non-catalyst production vehicles

This category includes all non-catalyst vehicles which
were tested in the same configuration as vehicles
certified for sale in the U.S. These vehicles may be
either actual production vehicles, or may be
certification prototypes. Any non-catalyst vehicles
which have been modified in such a way that they could
not be considered to be covered by an EPA certificate
of confirmity should be reported on in Section I.C.,
‘rather than in this category.

B. Oxidation catalyst production vehicles
This category includes all oxidation catalyst-equipped
vehicles which may be considered production vehicles as
defined for category I.A. above.

C. Prototype non-catalyst vehicles
This category includes all non-catalyst vehicles tested

for sulfuric acid emissions which cannot be considered
production vehicles as defined in category I.A. above.
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This includes both conventional non-catalyst vehicles
which have been modified from their production config-
urations and non-conventional systems such as stratified
charge engines, vehicles equipped with special lean
carburetion or other special fuel metering systems, or
alternate engines such as gas turbine, Rankine cycle,
Stirling, or Diesel engines, which do not employ
catalytic exhaust treatment.

D. Prototype oxidation catalyst vehicles

This category includes all vehicles equipped with
conventional oxidation catalyst systems but which

do not fall into the production vehicle category

I.B. This category also includes non-conventional
engines equipped with conventional oxidation catalyst
systems, such as a stratified charge engine with an
oxidation catalyst.

E. Prototype advanced catalyst systems

This category includes all vehicles employing emission
control catalysts in configurations other than the
conventional single stage oxidation catalyst employed
on many 1975 model light duty vehicles. This category
would include start catalyst, three-way catalyst, and
dual catalyst configuatioms.

ITI. Light Duty Vehicle Sulfuric Acid Emission Control Development
Efforts '

This section should provide a complete and detailed discussion
of all efforts completed or presently in progress by your company
to develop or evaluate various possible approaches to controlling
sulfuric acid emissions from light duty vehicles. These efforts,
which may include laboratory bench testing, engine dynamometer tests,
and vehicle tests, should be discussed in the groupings identified
in the outline. These groupings, and the specific types of data
sought, are discussed more fully below:

A. Re-optimization of existing systems

.This category includes efforts based on modification of
various engine~catalyst system parameters without major changes
in component design or system configuration. Examples of
approaches included in this category are changes in engine

calibration, catalyst size and location, air injection rate,
etc, :
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Catalyst modifications

This category includes modifications to the chemical or
physical structure of the catalyst such as changes in.
active material composition and loading, changes in
catalyst substrate formulation or configuration, and
changes in catalyst manufacturing and processing
techniques, including the possibility of selective
poisoning of S02 oxidation activity.

Air injection modifications

This category includes all modifications to pre-catalyst
air injection systems other than simple changes in air
injection rate or pump capacity. Included would be all
types of air injection modulation, whether on-off or

proportional to other engine or catalyst operating
parameters.

Fuel metering modifications

This category includes changes in engine fuel-air metering
other than simple changes in carburetor calibration.
Included would be efforts to develop or evaluate various
types of more accurate fuel-air metering devices such as
electronic fuel injection, sonic flow carburetors, etc.

‘Advanced catalyst systems

This category includes all efforts involving major changes
in catalyst system configurations such as dual catalysts,
three-way catalysts, and oxidation catalysts operated at or
near stoichiometric conditions either with or without
catalyst oxygen level feedback.

Sulfuric acid traps
This category includes all efforts to develop or evaluate
chemical or mechanical traps intended to remove SO3 and/or

H2S04 from the exhaust stream leaving the oxidation catalyst,
or S02 before the exhaust stream enters the catalyst.
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In each of the categories discussed above, your company's efforts
and results should be presented according to the following format:

1. Description of program

Describe each approach being investigated in that category
and discuss the technical rationale for pursuing that
approach., 1If a given category has been eliminated from
consideration on technical grounds, please discuss the
data and judgments which have led to that conclusion.

2. Current status of program

Discuss the current status of each of the efforts
identified in item 1.

3. Experimental data

Present and discuss all experimental data obtained to date
from the efforts identified in item 1. for each category.
See Appendix A for the information required from vehicle
tests, Appendix B for engine dynamometer tests, and
Appendix C for laboratory bench tests.

4, Cost estimates
Provide any available estimates for the cost of implementing
each of the approaches being investigated. Separate estimates
for first cost and operating cost should be provided if
possible.

5. Lead-time estimates

Provide any available estimates of the lead-time which would
be required to implement each approach on production vehicles.

6. Other impacts
Discuss the impact of using each approach on other aspects
of vehicle design and operation., If possible, the

discussion should address each of the following items:

a. Favorable or adverse impacts on ability to achieve
control of HC, CO, and NOx to various levels.
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b. Favorable or adverse impacts on vehicle fuel economy

¢. Impact on emissions of other presently unregulated
substances such as H2S, catalyst or trap attrition
products, etc,

d. Impact on vehicle safety, including consideration of
effects on exhaust system temperatures, and

e. Any other impacts on vehicle manufacture or operation
such as requirements for materials in 1imited supply,
requirements of special fuels, relationships between
sulfuric acid emissions and gasoline sulfur content
for vehicles equipped with that control approach, .
need for periodic replacement or malntenance of
system components, and any problems which might
be posed by disposal of components such as chemical
trapping materials or catalysts.

III. Confidentiality of Trade Secret Information

A. -Information submitted in response to the request which
accompanies this outline will be deemed to have been obtained
pursuant to section 307(a) (1) of the Clean Air Act.

B. This means that only information which "...would divulge
tradé secrets or secret processes" may be kept in confidence.
(Even this information will not be kept confidential in two
situations: (1) when the information is emission data, or (2) if
and when the information becomes 'relevant" to any proceeding under
the Act.) 1If you wish such information to be kept confidential
prior to any proceeding, you must identify with particularity at the
time of submission the data you regard as likely to "...divulge :
trade secrets or secret processes' if disclosed. Otherwise, such '
claims will be deemed to be waived. If confidential treatment of
certain data is claimed at the time of submission you will be
subsequently contacted by EPA and required to submit supporting
information.

C. 1If the Administrator determines that a satifactory showing
has not been made that the information would disclose trade secrets
or secret processes, you will be notified by certified mail. No
sooner than 30 days following the mailing of such notice, any
information with resepct to which trade secret status has not been
established will be placed in a public docket. Any information as
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to which the Administrator determines that a satisfactory showing
has been made will be held confidential unless such information
subsequently becomes relevant to a proceeding under the Act. In such
case, a representative of your General Counsel's office will be
notified in writing by certified mail and by telephone at least ten
days prior to placing such material in a public docket.



Appendix A

Vehicle Sulfuric Acid Emission Data

All vehicle sulfuric acid emission data submitted to EPA should
be in the following format and contain all of the requested
information which 1is available. All 10 items should be submitted
for catalyst cars. Items (2), (4),(5), and (6) do not apply to control
systems not containing a catalyst.

(1) Vehicle manufacturer and model, vehicle mileage, inertia
weight, and engine size should be listed. A complete description
of the emission control system and of any non-conventional

engine should be included. The type of air injection used (if
any) should be described.

(2) For each catalyst employed, catalyst type, catalyst mileage,
catalyst manufacturer, catalyst volume, active metal composition
(e.g. Pt-Pd), active metal loading, amount of alumina on the
catalyst, and catalyst space velocity (minimum, maximum, and
nominal together with a description of the corresponding vehicle
speed and load) should be given.

(3) The HC, CO, NOx, and CO2 emissions of the car over the FTP
and over the condition of the sulfuric acid test should be
listed. The emission design target of the vehicle (e.g. 1975
Federal) should be included. Also, fuel economy numbers in mpg
should be listed for both the FTP and the EPA "Highway" test.

'(4) The efficiency of the catalyst for control of HC, CO, and
(if applicable) NOx emissions should be included (i.e., (engine-
out minus tailpipe emissions) divided by engine-out emissions)
as well as the conditions over which the efficiency was
measured.

(5) The catalyst operating temperature over the sulfuric acid
test (including the position of the thermocouple in the catalyst)
should be given, as well as a description of the procedures used
to provide catalyst cooling during the test.

(6) The oxygen levels at catalyst inlet and outlet during the
sulfuric acid test should be listed.
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(7) The type of mileage accumulation prior to the test should be
given, including the fuel sulfur level used during mileage
accumulation.

(8) The type of immediate preconditioning (e.g. Ann Arbor road
route) before the sulfuric acid test, including fuel sulfur
level, should be given.

(9) Particulate and sulfuric acid emissions (in g/mile and
g/kilometer as H2S04), the test cycle used, the sampling

and analytical methods used, and fuel sulfur level should

be given. Sulfuric aclid emissions should also be normalized
to 0.03% fuel sulfur. The percent conversion of fuel sulfur
to sulfuric acid should be given.

(10) S02 emissions (in g/mile and g/kilometer) and percent
recovery of total sulfur compounds should be given.
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Appendix B

Engine Dynamometer Sulfuric Acid Emission Data

All engine dynamometer sulfuric acid data submitted to EPA should
be in the following format and contain all of the requested information
which is available. All 10 items should be submitted for catatlyst-
equipped engines. Ttems (2), (4),(5), (6), and (7) do not apply to
control systems not containing a catalyst.

(1) Engine manufacturer and model should be listed. A conmplete
description of the emission control system and of any non- :
conventional engine should be included. The type of air injection
used (if any) should be described.

(2) . For each catalyst employed, catalyst type, catalyst mileage,
catalyst manufacturer, catalyst volume, active metal composition
(e.g. Pt-Pd), active metal loading, amount of alumina on the
catalyst, and catalyst space velocity should be given.

(3) The HC, CO, NOx, and CO2 emissions of the engine over the
condition of the sulfuric acid test should be listed. The
emission design target of the engine (e.g., 1975 Federal) should’
be included. Also, fuel cdédnsumption values should be listed

for the test cycle.

(4) The efficiency of the catalyst for control of HC, CO, and
(if applicable) NOx emissions should be included (i.e., (engine-
out emissions minus catalyst-out emissions) divided by engine-
out emissions) as well as the conditions over which the
efficiency was measured,

(5) The catalyst operating temperature over the sulfuric acid
test (including the position of the thermocouple in the catalyst) -
should be given, as well as a description of the procedures used
to provide catalyst cooling during the test,

(6) The oxygen levels at.catalyst inlet and outlet during the
sulfuric acid test should be listed.

(7) The catalyst aging prior .to the sulfuric acid emission -
test. should be identified including data on the engine speed

and load cycle used, hours accumulated over the cycle, catalyst
operating temperature, inlet oxygen level, and fuel sulfur level.
This information is especially important if the catalyst aging
cycle is different from the sulfuric acid emission test

cycle,
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(8) The type of immediate preconditioning before the sulfuric
acid test; including fuel sulfur level, should be given.

(9) Particulate and sulfuric acid emissions (in grams per test as
H2504), the test cycle used, the sampling and analytical methods
used, and the fuel sulfur level should be given. Sulfuric acid
emissions should also be normalized to 0.037% fuel sulfur. The
percent conversion of fuel sulfur to sulfuric acid should be given.

(10) SO02 emissions (in grams per test) and percent recovery of
total sulfur compounds .should be given,
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Appendix C

Laboratory Bench Test Sulfuric Acid Emission Data

All laborabory bench test sulfuric acid data submitted to EPA
should be in the following format and contain all of the requested
information which is available.

(1) Catalyst type, catalyst manufacturer, catalyst volume used
in the test, active metal composition (e.g. Pt-Pd), active metal
loading, and amount of alumina on the catalyst should be given.

(2) The complete composition, concentrations, and flow rate

of the input gas should be given. The flow rate should also

be given in terms of space velocity over the catalyst (bed
volumes/hour). A description of the laboratory apparatus
including source (bottle vs engine) of the gases and sampling and
analytical methods should be given,

(4) The complete composition and concentrations of the output
gas should be given.

(5) The catalyst temperature during the test should be
given, .

(6) The previous history and type of preconditioning for the
catalyst should be given. This history should include -the
previous exposure of this catalyst to S02 and/or SO3.

(7) - The percent conversion of S02 to SO3 as well as the
percent recovery of total sulfur compounds should be given.
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ADDRESSEES

Domestic Manufacturers Catalyst Manufacturers
Mr. Daniel Hittler Mr. Robert S. Leventhal
Manager, Development Department Senior Vice President
American Motors Corporation Engelhard Minerals and Chemicals Corporation:
14250 Plymouth Road 430 Mountain Avenue
Detroit, Michigan 48232 Murray Hill, New Jersey 07974
Mr. Sidney L, Terry Mr. V.W. Makin, President
Vice President . Matthey Bishop, Inc.
Public Responsibility Malvern, Pennsylvania 19355

and Consumer Affairs :
Chrysler Corporation Dr. Vliadimir Haensel
P.0. Box 1919 Vice President
Detroit, Michigan 48231 Science and Technology

UoP, Inc.

Mr. Herbert L., Misch 10 UOP Plaza
Vice President Des Plaines, Illinois 60016

Environmental and Safety
Engineering Staff

Ford Motor Company

The American Road

Dearborn, Michigan 48121

Mr. Ernest R. Starkman

Vice President

Environmental Activities Staff
General Motors Corporation
Warren, Michigan 48090

Foreign Manufacturers

Mr. Bernard Steinhoff

Emission Control Department
Mercedes-Benz of North America, Inc.
One Mercedes Drive

Montvale, New Jersey 07645

Mr. Guenter Storbeck

Product Planning Manager
Volkswagen of America, Inc.

818 Sylvan Avenue

Englewood Cliffs, New Jersey 07632
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APPENDIX II
SULFURIC ACID TEST PROCEDURES

This Appéndix discusses the test procedures currently used by

EPA to quantify light duty vehicle sulfuric acid emissions.

DRIVING CYCLE

The sulfufic acid driving cycle was derived from the CRC-APRAC CAPE
10 data on driving patterns in the Los Angeles area. The computer-
generated cycle is designed to represent driving on congested urban
freeways. This cycle is designed to simulate the type of potentially
high localized sulfuric acid exposure situations about which EPA is
concerned. The cycle has an average speed of 35 mph which is in accord
with data showinglmaximum traffic flow on freeways at this speed. The
cycle also contains long segments of 55 mph cruise along with periods of

lower speedboperation.

Initially, two different driving cycles were generated; each of
which had an avérage speed of 35 mph, a 23 minute length, and represented
congested fréeway operation. The cycles were different in that they .
were composed of different sequences of driving modes. One cycle had an
extended period (about 7 minutes) of 55 mph cruise toward the end of the
cycle. The other cycle had shorter periods of 55 mph cruise interspersed
throughout the cycle. Emission tests were run on both cycles and indicated
no significaht difference in sulfuric acid emissions for either cycle.
The first cycle was selected for subsequent use in the EPA test pro-

cedure development program.
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The driving cycle initially had speed fluctuations in 5 mph in-
crements and did not have low magnitude-high frequency speed fluctua- )
tions (noiSé) characteristic of actual driving; Noise can result in
higher HC and CO emissions as well as variations in exhaust oxygen level
from the engine which could affect sulfuric acid emissions. Noise
was added to the cycle creating a modified cycle. The maximum accelera-
tion and deceleration rates on the cycle were then limited to 3.3 mph/
second to be compatible with belt driven Claytoh dynamometer being used
by some of the automobile companies. Thesé dynamometers cannot accom-
modate acceleration or deceleration rates greater than 3.3 mph/second.

About 5 seconds of the 23 minute cycle were changed.

Some;dthérnvery minor. modifications may still be made in this cycle
(as shown in Figure 1) to make it easier for drivers to folléw with
standard transmission cars. While none of the automobile companies havéf
noted any.problems in following the cyéle, EPA engineers feel thére'may
be minor problems with 3 or 4 speed standard tranémission vehicles. 1If
any modifications are made, they will be extremely minor and have little

effect on emissions.

PRECONDITIONING

There are two categories of vehicle preconditioning that would
affect sulfuric acid emissions in a certification-type program. The
first 1is long térm preconditioning which constitutes the mileage ac-
cumulation schedule for 4,000 miles for emission data cars and 50,000
miles for durability cars. The second is the immediate type ofimileage
or emission tests preceding the sulfate test itself. For example, the
sulfuric acid test could be run immediately after the FTP in which case
the FTP constitutes the immediate preconditioning. Current Federal

emission test procedures for HC, CO, and NOx provide for long term
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mileage accumulation over the AMA driving schedule. The AMA schedule
consists of running 11 laps around a 3.7 mile test track*. During each
of the first 9 laps there are 4 stops with a 15 second idle. Normal
accelerations and decelerations are used. In addition, there are five
light decelerations each lap from the lap speed to 20 mph followed by
light accelerations to the lap speed. The 10th lap is run at a constant
speed (55 mph). The last lap is started with a wide open throttle
acceleration from 0 to 70 mph followed by a second wide open throttle
acceleration at the midpoint of the lap. The maximum speed for each

of the 11 1aps is listed below:

Lap Maximum Speed, mph
1 40
2 30
3 40

4 40
5 '35
6 30
7 35
8 45
9 35

10 55

11 70

A modified AMA schedule can also be used for mileage accumulation
if the manufacturer wishes to do so. The modified AMA is identical to
the regular AMA except that it has a maximum speed of 55 mph in the last
lap instead of 70 mph. The wide open throttle accelerations in the last -
lap are retained. Both AMA mileage accumulation schedules have average

speeds of about 30 mph.

*Federal Register, Volume 37, No. 221, Part 85, Page 24318, November 15,
1972,
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Not all of the automobile comapnies follow this schedule exactly
since many companies do not have a 3.7 mile test track. EPA has given
the automobile companies permission to make changes in this mileage
accumulation schedule. However, all of the automobile companies

follow schedules which are similar to the AMA cycle.

Sulfuric acid, stored on catalysts as aluminum sulfate at low
catalyst temperatures associated with lower vehicle speeds, can be
released at higher catalyst temperatures associated with higher vehicle
speeds. Once these sulfates are purged from a catalyst, the catalyst is
able once again to start storing. These phenomena are much more important
for a pelleted catalyst which can contain up to 3000 g of alumina versus
a monolith catalyst which contains about 100 g of alumina. However
data from an EPA contract with Southwest Research Institute show that
sulfuric acid storage and release is a relatively short term phenomenon
for both monolith and pelleted catalyst vehicles. Southwest ran a
variety of tests (FTP, SC, FET, steady state cruise) on different cars
after AMA mileage accumulation and found complete recovery of total
sulfur over the test sequence. Specific graphs showing this recovery

of total sulfur is given in Figures 2-5 for the following four cars:

Plymouth'— monolith catalyst, no air injection
Plymouth - monolith catalyst, air injection
Chevrolet - pelleted catalyst, no air injection

Chevrolet - pelleted catalyst, air injection

Data from EPA Contract 68-03-0497 with Exxon show that sulfuric
acid emissions over an FTP for a pelleted catalyst preceded by 2 hours
of 60 mph cruise are lower than sulfuric acid emissions over an FTP

preceded by either the city or highway durability cycle developed by
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TEST NO. TEST TYPR

1 Cold LA-4
2 . Hot LLA-4
3 and 4 SET-7
5 and 6 HWFET
7 Accel to 30 mph
8 30 mph Steady
9 Accel to 60 mph
10 60 mph Steady

" Cumulative Exhaust Sulfur, grams

Cumulative Fuel Sulfur, gr'ams

FIGURE 3. CUMULATIVE SULFUR RECOVERED IN EXHAUST AS A
FUNCTION OF SULFUR CONSUMED WITH FUEL IN A 1975 49-STATE
CHEVROLET IMPALA (SwRI CAR EM-2)

PELLETED CATALYST, NO AIR INIEGTION
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TEST NN, TEST TYPE

1 Cold LA-4
2 ' Hot LA-4
3 and 4 SET-7
5 and 6 HWFET
7 Accel to 30 mph
8 30 mph Steady
9 Accel to 60 mph

10 60 mph Steady

10

Cumulative Exhaust Sulfur, grams

Cumulative Fuel Sulfur, grams’

FIGURE 4. CUMULATIVE SULFUR RECOVERED IN EXHAUST
AS A FUNCTION OF SULFUR CONSUMED WITH FUEL
IN A 1975 CALIFORNIA CHEVROLET IMPALA
(SWRI CAR EM-4) PELLETED CATALYST WITH AIR INJECTION
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Exxon. These are not the similarly named EPA city and highway cycles.

The average speed of the Exxon city durability cycle is 20 mph while

the average spéed of the Exxon highway durability cycle is 55 mph. It
was also noted that sulfuric acid emissions over an FTP preceded by
either the city or the highway durability cycle are essentially identical.
Exxon found the following catalyst emperatures over these three types

of preconditionings:

Exxon city durability cycle - 800°F
Exxon highway durability cycle - 1000°F
60 mph - steady state - 1200°F

The higher catalyst temperatures during the 60 mph preconditioning
purged the catalyst of sulfuric acid stored at lower temperatures. This

effect was not seen for the city versus highway durability cycle.

The first objective of the EPA test procedure program was to
determine how modified versus regular AMA mileage accumulation affected
sulfuric acid emissions. The second objective of the EPA test procedure
program was to‘determine how immediate preconditioning (FTP, FET, etc.)

affected sulfuric acid emissions over the sulfuric acid cycle.

EPA had the following four labs participate in the test procedure

development program:

EPA-OMSAPC (Ann Arbor, Michigan)
EPA-ORD (Research Triangle Park, North Carolina)
Southwest Research Institute (San Antonio, Texas)

Exxon Research and Engineering (Linden, New Jersey)

Each 1lab tested one of the following four pairs of matched 1975 cars:
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2 Fords, monolith catalyst with alr injection

2 Chevrolets, pelleted catalyst without air
injection

2 AMC Hornets, pelleted catalyst with air
injection :

2 Plymouth, monolith catalyst with no air
injection

The Fords were designed to be sold in all 50 states for 1975 and meet
both the 49 states (1.5 HC, 15.0 CO, 3.1 NOx) and California (0.9 HC,
9.0 CO, 2.0 NOx) standards. The other cars were designed for the 1975

Federal Standards.

Each pair of cars was tested on the following test sequence.

1 Run AMA to 4,000 miles
(regular AMA, 11 laps, 70 mph maximum
speed)

2)  SEQUENCE A
Ann Arbor road route - 1 hour
1 LA 4(hot start)
4 hot start emission tests (SET)* -
Ann Arbor road route - 1 hour
Overnight soak
Federal test procedure (FTP)*
Fuel Economy Test (FET)*

Repeat 2) twice for a total of three sequences

3) Run 300 miles of modified AMA**

*HC, CO, NOx, sulfuric acid, and SO measurements taken.

*%55 MPH  top speed, no wide open throttle accelefations.
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4) SEQUENCE B
Ann Arbor road route - 1 hour
1 LA-4 (hot start)
Overnight soak
FTP*
SET - 2 times*
FET*

Repeat 4, twice for a total of three sequences
5) Repeat 3)

6)  SEQUENCE C
Ann Arbor road route - 1 hour
1 LA-4 (hot start)
Overnight soak
FTP*
FET*
SET ~ 2 times*

Repeat 6, twice for a total of three sequences
7) Run SET as many times as necessary until

a stable sulfuric acid emission value is

obtained.

8) Repeat 3)

In addition, Sequence A was run again with modified preconditioning for
the cars tested by EPA-OMSAPC and EPA-ORD.

*HC, CO, NOx, sulfuric acid, and SO measurements taken.

*%55 MPH top speed, no wide open throttle accelerations.
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The sulfuric acid emissions from the vehicles without air injection
were low, about. 1 mgpm. The vehicles with air injection had much higher

sulfuric acid emissions, generally from 10 to 70 mgpm.

Summaries of the values obtained are given in Tables 1 through 8.
These numbers generally show the FTP to have lower sulfuric acid emissions
than either the sulfuric acid cycle or the FET. The FET was found to
have higher sulfuric acid emissions than the sulfuric cycle. It is not
currently known why the sulfuric acid cycle should give’higher values
than the FTP but lower values than the FET, Possibly sulfuric acid is
stored more in the FTP, somewhat less over the sulfuric acid cycle, and
less yet (if at-all) over the FET. However, other facﬁors such as
kinetic 1imitations to the reaction at lower temperatures experienced in

the FTP could be significant.

These values also show that the sulfate values for the sulfate
cycles in sequence A are more variable than those in either sequence B
or C. This:gfeater variability is probably caused by.lack of specific
preconditioning since the Ann Arbor road route involves actual driving
in city traffic which is not reproducible from run to run. The one LA-4
cycle for preconditioning is apparently insufficient to assure reproducible
results. Also, supposedly identical cars (i.e. the two cars comprising a

matched pair) did not give identical sulfuric acid values.

The values in sequences B and C are essentially similar. These
numbers suggesﬁ that it does not seem to make any difference whether the
sulfuric acid cycle is preceded by an FIP or an FET. This finding is
encouraging since it allows EPA to place the sulfuric acid cycle after

either cycle in the certification process.. However, it must be noted
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ST-11

Lab

EPA-A

EPA-ORD

Exxon

SWRI

Vehicle
Granada

Monarch

Impala
Chevelle

Ply I & II

AMC 5 & 6

Table 1 SULFURIC ACID EMISSIONS OVER THE FTP

Catalyst
Monolith

w/air

Pellet
w/o air

Monolith
wo/air

Pellet
w/air

_ Mean

Std. Dev.
' cf. Var.

Mean

Std. Dev.
cf. Var.

Mean

Std. Dev.
Cf. Var.

Mean

Std. Dev.
Ccf. Var.

HC
g/mile

.64
.08

12.82

.51
.09
17.21

.34
.18
48.62

.60
.14
23.00

co

g/mile
6.64
.90
20.

28

.55
.33
.72

.38
.60
.38

.41
.43
.26

co

g/mile

699.
16.
2

876.
40
4

13
25

.32

24

.72
.65

NOx _
g/mile

1.29
.130
9.99

- 2.04

45
25.60

2.83
.72
25.51

2.82
.68
24.35

SO4
mg/mile

3.44.
1.26
36.32

44
.23
50.75

1.66
1.15
70.32

15.41
7.17
49 .83

S02
mg/mile

31.
.25
.15

20

161
28
17

68
65
96

00

.62
.75
.79

.09
.59
.32

MPG

12

13

.52
.37
.98

.610
.146
.74
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Lab

EPA-A
EPA~QRD
Exxon

SWRI

Vehicle

- Granada

Monarch

Chevelle
Impala

Ply. I &
I1

AMC 5 &
6

Table 2 SULFURIC ACID EMISSIONS OVER THE FET

Catalyst
Monolith

w/air

Pellet
wo/air

Monolith
wo/air

Pellet
w/air

Mean

Std. Dev.
Cf. Var.

Mean

Std. Dev.
cf. Var.

Mean

Std. Dev.
cf. Var.

Mean

Std. Dev.
Cf. Var.

HC
g/mile

11
53

39

© 24

.27
.03
.83

.26
.14
.94

.14
.056
.43

.09
.02
.40

Cco
g/mile

1.20
.36

29,56

7.60
5.93
78.00

1.55
.98
63.55

.09
.09

104.4

CO2
g/mile

512.96
12.85,
2.51

636.56
51.41
8.08

NOy
g/mile

1.21
.121
10.05

2.33
1.26
54.20

3.69
1.36
36.94

2.65
.91
34.29

S04
mg/mile

34.
17.

52,

11

77

1 .

.99
.82

83

o\ =

73
30
41

.11

.43
.14
.58

.54
.45
.40

SO7
mg/mile

117
22
19

147
38
25

43
14
34

.17

.68
.35

.69
.29
.93

.43
.78
.03

17.22
.45
2.61

18.53
.26
1.38



Lab

- EPA-A?

LT-11

EPA-ORD

Exxon

SWRI

Vehicle

Granada -

~ & Monarch

Chevelle
& Impala

Ply. I & II

AMC 5 & 6

Table 3:

Catalyst

Monolith

.w/air _

Pellet
wo/air

Monolith
wo/air

Pellet

SULFURIC ACID EMISSIONS OVER THE SETS IN SEQUENCE A

(SET PRECEDED BY ANN ARBOR ROAD ROUTE)

Mean
Std. Dev.

- cf. Var.

Mean
Std. Dev.
Cf. Var.

Mean
Std. Dey.
Cf. Var.

Mean
Std. Dev.
Cf. Var.

HC
g/mile

10

62

62

14

.32
.03
.58

.44
.27
.45

.11
.07
.32

.12
.02
.56

CO
g/mile

- 1.53

.41
26.27

14.76
7.68
53.42

1.35
.89
68.55

.28
.18
61.42

C02
g/mile

551.6
16.1
2.93

686.0
72.7
10.59

NO,
g/mile

1.36
.14
10760

1.98
.43
19.67

.72
.06
39.90

2.12
.14
6.53

SO,

mg/mile

19.61
9.00
46.03

.53
.38
87.43

1.52
1.31
82.36

54.57
22.81
41.98

50,

mg/mile

106.33
43.47
40.88

126.98
33.97
26.44

66.57
15.51
24.10

MPG

15.99
.47
2.9

15.73
.51
3.24
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Lab

EPA-AZ

EPA-ORD

Exxon

SWRI

Vehicle

Granada

. Monarch

Chevelle
Impala

Ply I & II

AMC 5 & 6

Table 4:

Catalyst
Monolith

w/air’

Pellet
wo/air

Monolith
wo/air

Pellet
w/air

SULFURIC ACID EMISSIONS OVER THE SETS IN SEQUENCE B
(SET PRECEDED BY FTP)

Mean

Std. Dev.f
- Ccf. Var.

Mean
Std. Dev.
Cf. Var.

Mean
Std. Dev.
Cf. Var.

Mean
Std. Dev.
Ccf. Var.

HC
g/mile

31
.02

.33
.13
39.84

11
.05
42.58

.11
.02
16.4

co

g/mile

1.94
.58

26.90

C02
g/mile

1562.85

11.7

2.05

676.9
49.91
7.37

NO,
g/mile

1.33
.13
'9.35
2.06
.52
23.23

2.36

.38
14.60

SO

mg/mile

25.00

12.00.

49.1

47
.26
47 .42

.75
.63
88.24

41.35
8.45
21.00

SO

mg/mile

125

31.
25.

.64

30
26



61-11

Lab

EPA-AZ

EPA-ORD

Exxon

SWRI

Vehicle

Granada
Monarch

Chevelle
Impala

Ply. I & II

AMC 5 & 6

Table 5:
Catalyst
Monolith Mean
w/air Std. Dev.
Cf. Var.
Pellet Mean
wo/air Std. Dev.
- Cf. Var.
Monolith Mean
wo/air Std. Dev.
Cf. Var.
Pellet Mean
w/air Std. Dev.
Cf. Var.

(SET PRECEDED BY FET)

HC
g/mile

.30
.01
3.3

.40
.18
46.13

.10
.06
56.50

.1
.03
21.25

co

g/mile

1.90

.31

16.15

16.27
6.66
39.62

.98
47
45.52

11
.08
54.50

co,
g/mile

564.55
11.05
2.05

723.9
66.9
9.24

NOy
g/mile

1.29
.08
5.7

2.34
.56
21.86

1.86
.85
46.38

2.37
31
13.10

SULFURIC ACID EMISSIONS OVER THE SETS IN SEQUENCE C

504
mg/mile

18.15
5.5
30.50

.34
.16
43.27

.86
.49
64.27

39.35
13.15
32.75

507

mg/mile

-

" 76.00

15.62
20.55

115.63
11.42
9.91

61.12
8.18
13.25

MPG

16.2
.34
2.1

14.53
.56
3.86



0¢-11

Lab.

EPA-A2

EPA-A2

EPA-ORD

EPA-ORD

Exxon

Exxon

SWRI

SWRI

SVRI

Vehicle -

Granada

Monarch

Chevelle

Impala

Ply-I

Ply-II

EM-6
(AMC)

EM-5
(AMC)

EM-6
(AMC)

Catalyst -

- Monolith

w/air

Monolith
w/air

Pellet
w/o air

Pellet
w/o air

Monolith
w/o air

Monolith
w/o air

Pellet
w/air

Pellet
w/air
Pellet
w/air

Rellet
w/air

OVER SEQUENCE A (4 SETS, FTP, HFET)

Mean
Std. Dev.
cf. Var.%

Mean
Std. Dev.
Cf. Var.%

Mean
Std. Dev.
Cf. Var.%

Mean
Std. Dev.
Cf. Var.%

Mean
Std. Dev.
Cf. Var,%Z

Mean
Std. Dev.
Cf. Var.?%

Mean
Std. Dev.
CF Var.%

Mean
Std. Dev.
Cf. Var.

Mean
Std. Dev.
Cf. Var.Z

Mean
Std. Dev.
Cf.Var.%&

HC
g/mile

.33
.03
10.10

.31
.03
11.05

.43
.33
76.94

44
.21
.48

.12
.06
52.57

.10
.07
72.07

.11
.02
14.73

.12
.02
14.39

11
.02
14.73

.12
.02
14.39

co

g/mile .

1.42
.25
17.78

1.63
.57
34.76

10.15
6.94
63.38

19.36
8.41
43.46

1.54
.80
52.14

1.16
.98
84.95

.21
.09
43.55

.35
.27
79.28

.21
.09
43.55

.35
.27
79.28

COo2
g/mile

553.2
12.1
2.9

550.0
20.1
3.66

686.0
72.7
10.59

NOx
g/mile
1.30

.19
14.56

1.41
.09
6.63

3.21
.72
22.34

.75
.13
17.00

3.41
1.21
35.47

2.03
.90
44,32

2.02
.10
4.75

2.22
.18
8.30

2.02
.10
4.75

2,22

o
e AU

3.30

Table 6. SULFURIC ACID EMISSIONS FOR SULFURIC ACID CYCLES

S04
mg/mile

18.82
9.32
49.50

20.40
8.68
42.56

.21
.24
13.35

.84
.51
61.51

2.32
2.07

89.22

.72
.54
75.50

51.98
23.91
45.99

57.15
21.70
37.97

51.98
23.91
45.99

57.15
21.79
37.97

S02
mg/mile

106.33
43.47
40.88

105.93
25.99
24.53

~148.03
41.95
28.34

75.40
13.63
18.08

57.73
17.38
40.11

75.40
13.63
18.08

57.73
17.38
35.11

MPG

15.93

.33
2.10

16.04
.60
3.71

15.73
.51
15.73



1Z-11

Lab.

EPA-AZ

EPA-A2

EPA-ORD

EPA-ORD

Exxon-

Exxon

SWRI

SWRI

Vehicle

Granada

Monarch

Chevelle

Impala

Ply-1

Ply-II

EM-5
(AMC)

Catalyst

Monolith
w/air

Monolith
w/air

Pellet
w/o air

Pellet
w/o air

Monolith
w/o air

Monolith
w/o air

Pellet
w/air

Pellet
w/air

Table. 7 SULFURIC ACID EMISSIONS FOR SULFURIC ACID CYCLES
OVER SEQUENCE C (FTP,HFET, 2 SETS)

Mean
Std. Dev.
Cf.Var,_

Mean
Std. Dev.
Cf. Var,

Mean
Std. Dev.
Cf. Var,

Mean
Std. Dev.
Cf. Var,

Mean .
Std. Dev.
Cf. Var.

Mean
Std. Dev.
Cf. Var,

" Mean
Std. Dev.
Cf. Var,

Mean
Std. Dev,
Cf.Var.

HC
g/mile

.33
.01
2.70

.26
.01
3.80

.34
.17
49.85

<45
.19
42.41

.08
.03
41.28

.11
.08
71.71

.10
.02

%z 15.00

.10
.03

%z &7 .50

Cco
g/mile

1.85
.21
11.40

1.94
.40
20.90

10.27
3.71
36.10

22.26
9.60
43.14

.72
.28
38.34

1.23
.65
52.69

.16

14

88.70

.05

© .01

20.30

Co»
g/mile

545.3
.2
7

[l Y >N V)]

0

547.8
12.9
2.40

723.9
66.9
9.24

NO,
g/mile

1.24
.06
4.60-

1.33
.09
6.80

3.34
.90
26.99

1.33
.22
16.72

2.08
.79
38.U5

1.64
. .90
54.70

2.33
.18
7.80

2.41

44
18.40

S04
mg/mile

mg;mile

76.00
15.62
20.55

116.49
6.50
5.58

114.77
16.34
14.23

67.04
10.06
15.00

55.20
6.30
11.50

MPG

16 2
Cha27
1.70

16.1
.41
2.50

14.53
.56
3.86



¢Z-11

Lab

EPA-A
EfA;AZ
EPA-ORD
EPA-ORD
Exxon
Exxon
SWRI

SWRI

Vehicle

Granada

Monarch

Chevelle

Impala

Ply-I

Ply-1I

EM-5
(AMC)

Catalyst

Monolith

‘w/air

Monolith

Pellet
w/o air

Pellet
w/o air

Monolith
w/o air

Monolith
w/o air

Pellet
w/air

Pellet
w/air

Table 8 SULFURIC ACID EMISSIONS FOR SULFURIC ACID CYCLES

OVER SEQUENCE B (FTP, 2 SETS, HFET)

Mean
Std. Dev.

Cf. Var%

-Mean
Std. Dev.
Cf. Var.Z%

Mean—
Std. Dev.
Cf. Var?

Mean
Std. Dev.
Cf. Var?

Mean
Std. Dev.
Cf. VarZ

Mean

. Std. Dev.

Cf. Var.%

Mean
Std. Dev.
Cf. Var.%

Mean
Std. Dev.
Cf. Var.

HC
g/mile

.31
.01
2.60

.31
. .03

8.60

.32
.12
36.51

.33
.14
43.16

.12
.06
50.28

.10
.03
34.88

11
.03
28.88

.10
.01
4.00

Cco
g/mile

1.49
.19
13.00

2.38
.97
40.80

12.33
6.62
53.72

15.77
7.24
45.88

1.41
.80
56.68

1.58
.58

' 36.69

.12
.06
51.40

.06
.05
82.50

CO2
g/mile

561.2
13.6
2.40

564.5
9.8
1.7

0

676.9
49.91
7.37

NOy
g/mile

1.43
.24

17.00

1.23
.02
1.70

3.34
.87
25.98

.78
.16
20.47

3.02
1.26
41.79

1.70
1.19
70.15

2.68
.60
22.60

2.33
.15
6.60

S04
mg/mile

29.4
12.4
42.0

20.60
11.60
56.20

.24
.08
33.56

.70
.43
61.27

.26
.24
94.79

-

.23
1.01
81.69
31.
23.
51.

18.

S02
mg/mile

134.35
27.20
20.25

116.93
35.40
30.27

MPG

15.7
.38
2.4

15.6
.29
1.9



that the data are extremely variable and may mask any differences between

the three sequences.

Another finding from the limited data available is that sulfuric
acid emissions are similar for cars preconditioned with either the
regular or modified AMA. No statistically significant difference could

be found between the two preconditionings.

However, the variability of the sulfuric acid data are high and
greater than that found by EPA previously for HC, CO, and NOx over the.
FTP. Previous EPA work (SAE Paper 741035) found the following coefficients
of varilations for gaseous emissions over repetitive FIPs on a catalyst

car.:

HC 10%

Co 15%

NOx 2%

CO2 47
The reasons for the higher variability of sulfuric acid data are not
known. It was thought that input emissions into the catalyst were not
stable. Tests were run by Exxon, Southwest, and EPA-ORD in which con-
tinuous traces of HC, CO, NOx, COZ’ and sometimes 02 were taken upstream
of the catalyst. These emissions were found to be stable. Limited
tests were run by EPA-OMSAPC in which SO2 was measured céﬁtinuously
after the catalyst. These tests were done with an experimental second
derivative spectrophotometer which is just in the pfocess of being
applied to autoﬁotive exhaust. The readings on this instrument are to
be considered only preliminary until more exhaustive work is done.
However, thgse readings showed that the instantaneouslSO2 enissions were

not as reproducible as were the other gaseous emissions. This work
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suggests that sulfuric acid storage and release on the catalyst may
cause poorér_:eﬁroducibility. However, EPA feels the reproducibility of

the cycle is acceptable for use in certification.

Another area that must be mentioned is that values obtained on the
sulfuric acidAcycle will frequently vary from one day to another. This
variation is ffequently as great as 100%. Yet repeating the sulfuric
acid cycle on'ahy given day can give stable values. For example, a Ford
Granada tested By EPA gave stable sulfuric acid values of about 20 mgpm
when tested dﬁe time and stable sulfate values of 12 mgpm when tested
another time. While the reasons for this are not kndwh, it is possible
that the car itself is varying with time, This phenomenon is being
investigated. '

The data shown in Table 1, 2, 3,l4,tand 5 exhibit &ariability
greater than would be expected from conventional gaseous emission tests.
The type of variébility appears to depend on the emission control system.
The variability for the vehicles equipped with air injection is much
lower than the variability for the vehicles without air injection (w/o-air).

The reason for this could be that the vehicles equipped with air
(w/air) injection may have more repeatable oxygen levels in the exhaust.
A comparison of variability of the data is shown in Table 9. Note that
the variability is reduced for all pollutants HC, CO, NOx and HZSO4.
The variability for CO exceeds the conventional test value by the
greatest amount, indicating that there may be reason to explore the CO
analyzer capability when operating with the high dilution rates typical -
of sulfuric acid testing. It is also possible that the variability is
partly a funétion of emission levels and the cars emitting small quantities

of sulfuric acid show great variability.
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Table 9
~ Coefficient of Variation in Percent
for Gaseous and Sulfuric Acid Measurements

Data Set HC Cco NOx . H2804
All Data 32.4 46.3 22,2 48,7
Table 3 39.2 52.4 19.2 52.0
Table 4 26.1 47.6 25.8 51.4
Table 5 31.8 38.9 21.8 42.7
all cars

w/air 12.0 42.0 10.0 36.9
all cars

w/o .air 52.8 50.6 34.5 60.5
Conventional

Testing 10.0 15.0 2.0 -

BASELINE PROGRAM

EPA is currently running a sulfuric acid baseline emission program
on about 70 cars. This program is designed to provide emission factors
on current cars and to measure emissions on advanced prototypes. The

following categories of cars are being tested on this program.

(1) current non-catalyst cars

(2) catalyst vehicles designed for the following standards

HC co NOx
1.5 15 3.1
1.5 15 2.0
0.9 9.0 2.0
0.4 3.4 2.0
0.4 , 9.0 1.5
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(3) advanced non-catalyst systems (stratified charge,
Diesel, lean burn, rotary)

(4) advanced catalyst concepts.
(5) fleet vehicles

Each catalyst car is Being preconditioned on modified AMA for 500-
1,000 miles with 0.03% sulfur fuel. The GM cars are being preconditioned
on both modified and regular AMA to give EPA more data on the effect of

these two preconditionings.

Each car is then being tested twice on the following sequence:

FTP
sC
Sc
FET
SC
SC

Testing the cé:,twide will give EPA information on the repeatability of
the cycle and what preconditioning is necessary for a retest. The use
of the FTP and FET before the sulfuric acid cycles will provide additional
information on preconditioning. The baseline program will be complete
in late 1975, ‘&he preliminary baseline data which were a§ailab1e prior

to the completion of this report are included as Appendix V.
The data from the baseline program will enable EPA to properly

place the sulfuric acid cycle in the certification process (i.e. after
the FTP or FET).
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Table 9!

Current

LA-4 (PreCénd)

12 hour soak (min)
Diurnal
FTP

Hot soak

PLACEMENT OF THE SULFURIC ACID CYCLE IN THE

CERTIFICATION PROCEDURE.

Option 1
LA-4 (PreCond)

12 hours soak (min)
Diurnal

FTP

sSC

Hot soak

HFET

SC

Option 2
Cold LA-4 (PreCond)

SC

HFET

SC

12 hour socak (min)
Diurnal

FTP

Hot soak

Option 3

12 hour soak (min.)
Cold LA-4 (PreCond)

HFET

12 hour soak (min)
Diurnal
FTP

Hot soak
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APPENDIX III

Determination of Soluble Sulfates in CVS
' Diluted Exhausts:; An Automated Method

The initial report that catalytic converters origihally designed
to reduce hydrocarbon and carbon monoxide emissions from late model
automobiles also promote conversion of 502 to S0, or H,S0, mist
prompted a crash program to find or develop a fast and sensitive
methodology for sulfates applicable to car exhausts. A number of
analytical procedures for sulfates are described in the literature.
Only a few of(these, however, have the sensitivity sufficient to
detect soluble sulfates in auto exhaust samples conveniently col-
lectible within fhe time frame of the Federal Test Procedure.

The automated method described in this report is addressed
primarily to the determination of water-soluble sulfates in CVS
diluted exhausts from cars run on nonleaded fuels. The method is
quite general; however, and may be used for trace analysis of
sample sulfates which can be leached out with water or agqueous
alcoholic solutions.

The method, first developed elsewhere (1), is based on the re-
action of sulfate ions with the solid barium salt of chloranilic acid
(2,5 dichloro-3, 6-dihydroxy-p-benzoquinone). The reactor precipitates
out BaSO4 and releases highly uv absorbing acid chloranilate ions, the
absorbance of which can be measured with a suitable spectrophotometer
and related to sulfate concentration. The sensitivity of the method is

greatly enhanced by conducting the reaction in a mediuﬁ less polar than

water, such as ethanol-water or isopropanol-water mixtures, where the
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solubilities of both BasO, and bariuﬁ chloranilate are reduced.

4

The barium chloranilate method is estimated to have a limiting

sensitivity for so: to concentration levels of 0.06 ug/ml (2).
Cations are known to interfere negatively by reacting.withAthe

acid chloranilate to foxrm insoluble salts. This interference is

. \ !

easily removed by passing the sample through a column of cation
exchange resin in the hydrogen form. Anions such as CI-,‘Br—, Fﬁ,

gnd PO4 .intergere by precipitating out as barium salts wifh sub~
seqﬁent release of acid chloranilate ions. Some buffer systems are
reported to minimizé these anion‘interferences (3,5). For exhaust
samples from cars run on nonleaded.fuél, ionic interference was observed
to be negligible when filtration on Teflon filters was used as a sample

collection technique.

Sampling and Sample Preparation

Sampling methodology involves dilution of the auto exhaust with
air in a dilution tunnel. At the temperature the tunnel is operated, .
SO, reacts readily with the available moisture in the exhaust to form

Hésd4 mist. The acid aerosols are sampled tﬁrough iédkineticvproSes
and collected on 47 mm diameter 1 p poré’size Fiuoropore* filters at
flow rates of 28.3 liters per minute. The filters are extracted,
prefe?ably'ovezniqhg, with 10 ml of 60/40|iSopropanol/H20 solution
(60% IPA) in capped-poiyethylene bottles. Initial agitation until the

filters collapse and completely submerge in the extracting solvent is
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conveniently accomplished by using a vqrtex‘test tube mixer. The

supernatant extract can be analyzed directly in the automated sulfate

instrument.without further treatment.

The Automated Suifafe Instrument

A.schematic of the priﬁcipal tbmpopents of the automated sét;up

is shown in Figure l. - Hardware requirements'include;

a. Reservoir (LR) fof'the solvent mobile phase (60% IPA{.'

| b. ‘Bigh ‘pressurebliquid_ pump (LP_') capable pf'Qelivering liquids

. at flow rates of up to 3 .ml/min atupressq;es as high as 1000.

psi. Most liquid pumps used in high pressuré liquid chroma-~
tography would be satisfactory.

c. Flow or pressure controller (FC).

d. Six-port high pressure switching valve (SVi equipped with
interghangeable external loop (L).

e. ‘Ultraviolet detector (D) equipped with app:opfiate filters
or monochromator to isolate a narrow band of radiation
¢entered at 310 nm.

£. Rgéord§r to monitor detector response.

g. Automatic sampler (AS), such as the one used in a Technicon
AutoAnalyzer set-up.

h. feristaltic puﬁp (PP), such as a Techhicoh proportioning'pumé,'

. to draw sample into the sampling loop.
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if Cation exchange resin column (CX) - standard 1/4" 0.D. x 10"‘
| gas chromatogr;phic stainless steél column packed with
analytical grade Dowex 50W-X2 (100-200 mesh) cation exchange
- resin in the hydrogen form.
3. ‘Bariﬁm.chloranilate column (BC)‘— sgahdard 1/4" 0.D. x 5"

’

gas chromatographic stainless steel column packgd with barium

/

chloranilate suitable for sulfate analysis.

The operating p;incip;e éf the autqmafed insfrﬁment»ﬁay bé
briefly described as follows:

Solvent mobile phase (soi IPA) in reservoir (LR) is continuously
fed through cation exchéngé (CX) and barium chloraniléte ‘BC) columns
at flow rates of about 3 ml/;in b& a high pressure liquid‘pump (LP).
Backgfound absorbance is cbntinﬁously measured by a.UV detector (D)
at 310 nm and visually monitored in a strip chart recorder. A solenoid
aétuated, air operéted swiﬁching valve (sSV) is used for filling the
external sampling‘loop (L) with samples in conjunction with an automatic
saﬁplér'(AS) and peristaltic pump (PP) and injecting the samples into
the columné; AtFCX éations are removed and'at BC color reaction fakes
.placg; The'BaSO4 precipitatg is retained in BC whiie #hg ;cid chlor-
anilate is carried by the mobile phase through the detector system for
colorimetric measurement.

'For an automated sampling system such as shown in Figure 1, both

SV and PP are eleétrically coupled to AS and controlled by electric

timer relays such that both are activated whenever AS is sampling
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(i.e. L is being filled and mobile phase.bypasses L). At the end of
the sampling cycle, PP and AS stop and SV switches to the injection
mode (i.e. mobile phase passes through L and carriés the samble through
CX and BC columns).

For manual operation, SV may be reétained of replaced by a
‘similar‘switching valve eqﬁipped with an extended handle fof manual
switghiné; Samples may be introduced into the sampling Iéop by syringe
injection or by peristaltic pump system similar to the one used in the
 automated versioﬂ.

The automatic sampler (AS) used'in our system is a Technicon
AutoAnalyzer sampler with tgrntable capacity of 40 sample cuvettes.
The cam programmer was replaced by two digital timers to alibw flexi~

bility in setting cycle times for the sampling-rinse operations.

| Analytical Operation

Before the start of an analyticaiArun, all components are switched
to the 6pegating mode, and SQ{ AS, and Pf are allowed to cycle normally
to élean out all components. During this time the sampling probe is
immersed in a lérge reservoir of 60% IPA to prevent introduction of
air into the system. Once a stable background absorbance is obtained,
analysis of the samples proceeds. Sample cuvettes are filled with
sample extracts aﬁd blank solutions (60% IPA) and then covered with
thin polyethylene film to prevent evaporatioﬁvlosse55 The filled

cuvettes are arranged in the turntable according to the pattern blank,
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blank, sample, blank, blank for concentrated samples and blank, samplg
blank for dilute samples. Blanks are used to wash out the system
between saﬁplqs and minimize sample overlap. Depending on the size.'
‘ofvthe sampliﬁg loop and the mobile phase flqw ragé; 6yc1e time can
vafy froﬁ'z.s to.6.minﬁtes'pef-ﬁéﬁpié'orvBlanﬁ. Analysis'beéins as.

soon as the sampling probe is. returned to its normal position.

Calculation -

A'series'éfisulfuric aqid'standards in 60% IPA is normally run
in the same.manner_as the sample;,_and a calibration-cufve,lpeak'
height vs; concentration} is plotted. Sample sulfate concent;ations
are calculated from the calibra£ion_curvé. Total soiﬁble\éulfates;

in the filter '[SOZ]F are calculated uéing the relation:

[804]F = . (ug 804/m1) X V° *}d
where: V° = Fotal volume of original sample_extragt'
d = dilution factor

= 1 if original sample extract was not diluted
to bring detector response within range of
of the calibration curve
Discussion -

The solubilities of barium chloranilate and BaSO véry with

4
the isopropanol/wéter ratio in the mobile phase. A momentary imbalance
in this ratio as a result of injection of a slug of sample or blank

gives a negative background response if the injected slug is richer

in isopropanol than the mobile phase, and a positive response if it.
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' is richer in water. To minimize this effect, we recommend that
both the éxtfacting solvent and the mobile phase for the analytical
runs be taken from the.same stock solution.

In order to determine the maximum absorbance of theiacid
chloranila;é ions #s they.elute out of the barium chloranilate
column of the automated system, the colored eluates corresponding
to sulfate concentrations in the range 0 -~ 30 ué/ml were collected
and scanned in a Cary 14'spectrophotometér. In this concentration
- range, peak maximum was obgerved at 310 nm. AThis corresponds £o
the isobestic point. reported bvachafer (3).

For isopropanpl-watei system,'the volume of the mixture %s nqt
equal to the sum of‘origihal-;olumes of tﬁe individual compbneﬁts.
iIn the.casé of a 60/40 isopropanol/water mixturé,‘volume‘shrinkage
on mixing is about 2.7%. 'This.volume change should be taken into
account‘when preparing standards or sahples from aqueous solutions.

The,workiné concentration range and sensitivity of the autoﬁafed
system.dépend on sample size. A degraded sensitivity better than
0.5 ug'so: per ml in 60% IPA was easily obtained using a 0.5 ml
gxternal sampling loop in conjunction with a duPont liquid chroma-
tograph Uvidetecﬁor. Figure 2 shows a calibration run in the range
O-S-ug‘SOZ/ml using a 0.5 ml sampling loop with detector sensitivity
set at 0.02 absorbance units full scale. The las; two Qeaks, 4948
and 4049, correspohd té exhaust sambles frbm néncatalyst cars; Testing

mode was the Federal Test Procedure. The calibration curve is non-
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linear with concentration and becomes flatter at the low concentration
end. This is st;ongly suggestive of interplay of thermodynamic and
kinetic effects. Similar behavior was likewise observed at the high
concentration énd. |

Repréducibility of repetitive'measurements is quite good. Table
I shows the precision obt;ined for fivé repetitive scans éf sulfate
- standards at concentrations of 1, 2, and 4 ug/ml. A 0.5 ml sampling
loop was used.

Two experiments were conducted to determine'ﬁhe extractability
of sulfuric acid from and absorption in Fluoropore filters. 1In the
firsé bf tﬁese, known amounts of ;ulfurie #cid in 60% IPA.werg |
deposited on the filters and allowed to dry overnight. Thé ﬁilters
were then extracted with 60% IPA and analysis éf the liquid after
tﬁe filters equilibrated Qith the solution.overnight. The results
show‘that extraction is quantitative and thét the filter ﬁas~praqti—
call& no affiniiy for the solute. Thése results are summarized‘in
Tables Ii and III.

‘Table IV shows the efficacy of‘the collection technique for
trapping sulfuric acid aerosolg. ”fhe éérésols were générated using
a Collison aerosol generator, and then fed_into the CVS dilution
tuAnél under conditions siﬁulating.a fest run. The éerosols were
>c§11eétéd £hrough.isokinetic probes,  and collected on Fluoropore

filters. The back-up glass fiber filters used in these runs did not

gain measurable weights, indicating no significant breakthrough of
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the collected particulate from the primary collecting filters.

Figure 3 shows a typical analytical scan of extracts from exhaust
samples from cars run on nonleaded fuel. The firsf five peaks are
sample peéks, wbile'the next six are calibration peaké‘corresponding
to concentrgtion range 0-6 ug so:/ml. As:a geperal fule, calibration
runs are aiways made for each series of.samples; aé peak hgight—conCen;
tratioh relation may change'as flow'raté, back pressu;e,';ﬁd column
éermeability vary over an extended period. This practice may be
dispensed_with-for systems equipped with integrators. . | B

" Table V shows typical results of analysiS'for'soluble ﬁulfates
of nonleaded exhaust saéples collected on Fluoropore filters using
the Federal Test Procedure. The low sulfate results correspond to
test runs with noncatalyst cars and the high results to ﬁe;t runs with
catalyét eguipped cars.

A few filter éamples were analyzed sequentially by.xjray
fluorescence technique and‘by the barium chloranilafe method. The
filﬁerS.Yerg first analyzed by x-ray fluorescence, then extracted
with 60% IPA and analyzed for sulfate in the automated instfument.

The results are summarized in Table VI. Considering the fact that
sampie handling techniques were not clqsgly mbnitored; égreement '

'between'the two methods is encouraging.
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Conclusion

The automated method described in this report offers a sensitive

(iess than 0.5 _ug SO4

per ml), fast (less than four minutes throughput
time from initial sample ihjection into the column), and convenient
method fo; the analysis-of soluble sulfates in auto exhaust. Sample
preparation iS'minimgl, as this'involves only simple‘extraction:with
60% IPA. There are no precipitatés to cause deterioration of the

optical cell, as the BaSO, precipitate is effectively retained in

4
the barium chloranilate reactor column. Although primarily addressed
to trace sulfate analysis of auto exhausts from cars run on nonleaded
fuels, the method may be adapted to any sulfate sample which can be

leached out with water or agueous alcoholic solution.
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Table I

Precision of Repetitive Measurements

Peak Height

[50,] in ug/ml 1 2 4
9.7 . 21.2 47.8

9.9 20.4 48.8

9.6 - 21,2 49.5

10.2 20.3 48.6

8.8 21.2 49.0

Mean 9.6 20.9 48.7
Standard Deviation # 0.5 * 0.5 + 0.6
 Coefficient of 5.2 - 2.4 1.2

Variation
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Table II

Recovery of Deposited H280 4 ©n Fluoropore
Filters by Extraction with 60% IPA

Total ugs S0, on Filter

Degositea M-
10 - 10
20 | 20.5
30 30
40 40.5.
50 50
60 60
169 172
338 350
507 494
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Table III

Absorption of H_SO 4 in 60% IPA by Fluoropore Filters’

2

Total ugs so: in Solution

Initial Final
10 - 10.5
20 : 20
40 40.8

- 60 61.2
200 205
400 | 392
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" Table IV

Collection of Generated H,S0, Aerosols

Fed into the CVS Dilution Tunnel

Mass Loading | Total SO: on % SO on

Sample # in ugs . Filter in ugs Eilger
4001-3 956 : 350 '  36.6

4002-4 1791 664 37.1

4003-2 , 1076 390 36.2

4004-1 1323 217 - 16.4

4005-3 2403 . 856 35.6
4006-3 296 115 38.8

4007-1 - 468 ' 197 U 42.2

4008-2 21181 8438 39.8
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Table V

Typical Results of Sulfate Analysis of Nonleaded
Exhaust Samples Collected on Fluoropore Filters

Mass Loading Total SO, % éog as %
Sample #° in ugs in ugs Mass ﬂoading
' 4034-1 415 20 | 4.8
| 4035-3 '251 15.5 5.6
4036-3 252 16.7 6.6
4037-3 151 11 7.3
4038-3 120 ~ 10.8 9.0
4039-3 287 10.5 3.3
4076-3 232 - 84 36.2
4079-3 308 ;os. . 34.4
4080-3 430 192 44.6
4084-3 506 241 47.6
4087-3 765 3;6'. 41.3
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Table VI

Soluble Sulfate Analysis: Preiiminary Comparison of
X-Ray Fluorescence and Barium Chloranilate Method (BCM)

Total SO4 on Filters in ug

. X-Ray Fluorescence Ratio

Sample # ngzzgg 'Léw Resolution Higﬁ Resolution BCM X=Ray/BCM
4006 459 208 - 219 .0.950
4007 379 184 - 173 1.064
4014 358 143 - 156 .917
4017 285 37 - 44 .841
4023 . 390 142 . - 13 1.256
4032 1065 296 - 245 1.208
4036 224 | - 12.8 9.8  1.306
4038 e - 17.0 7.8 2.179
4039 250 - . 12.4 9.8 1.265
4050 390 - 18.0 13.7  1.314
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Figure 1

Flow Schematic for Automated Sulfaté Inst;umenﬁ

- Liquid reservoir
High pressure liquid pump
-~ Flow or pressure controller
- Pressure monitor
SV - High pressure switching valve
L - External sampling loop
CX - Cation exchange resin column
BC - Barium chloranilate column
D - UV detector
FM - Flow monitor
AS - Automatic sampler
PP - Peristaltic pump

o BB
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. Figure 2

Sulfate calil?ration for concentration range 0-5 ug SO'=
per ml in 60% IPA. 4048 and 4049 are exhaust samples
from a car not equipped with catalyst.
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INTRODUCTION

The statutory light-duty vehicle emission standards for hydrocarbons
(HC), carbon monoxide (C0), and oxidés of nitrogen (NOX) embodied within
the 1970 Clean Afk Act Amendments and concern regarding the public hga]th
. consequences of émissfons resulting from the use of lead additives in gaso-
line have been, until recently, the principal motivating forces which have
influenced the research efforts by both the EPA and industry with regard

to emissions characterization.

The effect of fuel composition, fuel additives, engine parameters,
and post-combustion‘emissions control devices on regulated emissions
(HC, CO, and NOX) has constituted the bulk of the emissions characteriza-
tion effort with the internal combustion engine (ICE) which has been the
basic automotive powerplant for the past several decades. The fact that
the hydrocarbon emissions standards were based, not upon direct public
health effects of hydrocarbons, but rather upon the role hydrocarbons play
in atmospheric reactions to form oxidants resulted in substantial effort
to characterize the individual hydrocarbon species emitted and to further
define their "reactivity." The Congressional concern about lead in
gasoline, which surfaced in the 1960's, caused the first real effort to
examine non-regu]atedlemission products from automotive engines. This
resulted in programs which provided emissions characterization of exhaust
particulates and exhaust lead compounds. These.sfudies were expanded 1in
the late 1960's to examine the effect of fuel composition, particularly
increased aromatic content which is required to achieve equivalent octane
quality when lead is removed from the fuel, on exhaust particulate, polynu-

clear aromatic hydrocarbons (PNA's), and phenols.
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Section 211 of the 1970 Clean Air Act Amendments permits the
EPA to restrict or prohibit the use of fuels or additives whose emission
products endanger the public health or welfare or significantly impair
the performance of emissions control devices. As a result, the EPA
undertook major research programs to examine the effect of fuel composition
and fuel additives on a broad range of emission products, both regulated
and non-regulated. While these programs have focused principally upon
gasoline-fueled 1ight-duty ICE-powered vehicles, the exhaust generation? .
collection, and analysis techniques developed have begun to be applied
to other powerplants, principally, the diesel engine. These programs.héve
focused upon both regulated emissions (HC, €O, and NOX) and these non-regu-
lated emissions products: individual hydrocarbon species, PNA's, parti-
culates, organic‘particulates, lead compodnds, aldehydes, oxygenates,'
phenols, trace metals, sulfur compounds, and nitrogen éompounds. The latter
two general classes of emission products are only now beginning to be

capable of analysis.

As a result of the initial thrust of these efforts, the ICE is
current]y.the best characterized engine with regard to exhaust products.
This is not to say that such engines have Béen fully characterized, as
is evident from the recent concerns regarding the potential emission of
ethylenedibromide (EDB), recently discovered to be a carcinogen. Only

one very limited study has sought to determine the form of halogen

emissions from ICE's burning leaded gasoline. MNonetheless, the ICE
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characterization data base must serve as the benchmark against which to
judgeAthe public health trade-offs associated with non-regulated eiission
products from advanced emission-controlled ICE's, alternate ICE power-
plants, alternate fuels, and new fuel additives. At this time, only a
qua]itafive comparison can be drawn, principally due to the critical

lack of emissions characterization data from advanced emission-controlled

ICE's and alternate engines.

Table 1 presents this qualitative comparison of non-regulated
emissions, known or estimated, for advanced emission-controlled ICE's
and thé diesel, rotary, Sterling, Rankine, and turbine alternate power-
plants;" The basic ICE serves as the basis for comparison. Table 2
summar{zes the toxicological properties of many of the identified non-
regulated pollutants while Table 3 presents specific compound identifi-
cations for the PNA, phenol, and aldehyde groups of compounds identified

in ICE exhaust.

CATALYSTS

The use of oxidation catalysts has resulted in significant decreases

in the emissions of HC and CO and of many non-regulated pollutants of
public health concern (PNA's, aldehydes, pheonls). Because these systems
require the use of unleaded fuel, lead particulate emissions from vehicles
so equipped have essentially been eliminated. In addition, because of the
reaction characteristics of the catalytic process, the higher molecular

weight hydrocarbons are disproportionately decreased resulting in the emission
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of Tower mo]etular weight, less reaétive, hydrocarbons. However, use of
oxidation catalysts has also resulted in a significant increase in the
emissions of an oxidized sulfur compound, sulfuric acid, to the extent
that the principal exhaust pérticu]ate species from cata]ysthquipped

vehicles is sulfuric acid and the related bound water.

Reduced forms of sulfur, HZS principally with traces of COS and
CSZ’ have been identified when such catalysts are operated under reducing,
(fuel rich) conditions. While fairly well characterized when operating.
within design‘limits, oxidation catalyst-equipped vehicles have not been
well characterized outside of the design Timits, although such operation

may occur in the hands of the consuming public.

Nob]é metal (p]atinum, principally) attrition products from catalysts,
earlier identffied from prototype systems, now appear to be undetectable
in particulate sma]}er than 10 microns. Larger particulate attrition
products db, however, contain measurable quantities of such metals.
Because of the severe lack of toxicological data available and because
platinum has been shown to methylate, EPA is conducting extensive toxico-
logical programs to assess the potential of public health risk associa-

ted with platinum exposures.

Dual catalysts and three-way catalysts might generally be expected

to generate non-regulated emission products similar to those from oxida-
tion catalysts, although in differing quantities. However, qualitative
differences could result either from the more stringent reducing condi-

tions associated with the NOX reduction catalyst of the dual catalyst
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system, or from attrition products if non-noble metal catalysts are
used. The potential for new or higher emission rates of non-regulated
pollutants than from oxidation catalysts cannot be dismissed, however,
particularly when such systems operate outside design limits. Such
systems have not been well characterized, even when operating properly,

let alone when operating outside limit targets.

Lean burn and stratified charge engines, when operated with gaso-

line, appear basically to emit both regulated and non-regulated pollutants
which one wou]d expect from a clean combusting ICE with the possible
exceptions of increased aldehydes, oxygenates, and oxidized sulfur
compounds due to their lean (excess oxygen) combustion characteristics.

These systems have been poorly characterized, however. Stratified charge

engines using heavier fuels (diesel, distillate, etc.), while equally
poorly characterized, would be expected to emit higher levels of sulfur
compounds, trace metals, particulates, PNA's, and organic particulates
than would be expected from the gasoline-fueled stratified charge engine

due to the less well refined characteristics of the fuel.

Diesel and rotary engines are used in small numbers in the current

light-duty fleet. The current rotary has, before exhaust after-treatment,
much higher HC and CO emissions than the ICE. Current rotaries emit
higher PNA's, organics, and trace metals than current ICE's due to
higher o0il1 consumption. Future rotaries may well solve this problem,
which is necessary for increased fuel economy also. Rotary engine
emissions, in general, are not significanf]y different than those from

the basic ICE when one excludes the o0il combustion effects. The diesel,
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quite apart from the spark-ignition ICE, is a compfession-ignition

engine which burns a much less highly refined fuel than gasoline. As a
result, non-regulated pollutants are quite different than those from

an ICE.- High particulate (mostly carbon), odor,,SOz, PNA's, organic
particulate, and aldehydes are known. Sulfate emissions are higher than
from the ICE due to a 10-fold higher sulfur level in the fuel (the
percent of S converted to SO4 is the same, however, approximately 1%).
Diesels have not been well characterized but such work is currently

under way by EPA. If major use of diesels is considered, pollutants quite
different than those from ICE's may be considered for control (particu-

lates, aldehydes, odor).

Sterling, Rankine, and turbine engines, while only in the early

stages of development, are continuous combustion devices quite apart

from the intermittent combustion devices discussed above. As a result,

HC and CO emissions can be quite low. Non-regulated pollutants have not
been characterized. However, one would expect chénges in emission products
associated with the fuel composition such as 502, sulfates, PNA's,
particulate, organic particulate, and trace metals if heavier fuels were
used. High nickel emissions (a carcinogen) have been reported from one

deve]opmehta] turbine.

DISCUSSION

While the current ICE is reasonably well characterized, we are only

now gaining'the analytical capabi]ity to more fully examine detailed
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non-regulated emissions of potential public health concern. This is
particularly true in the general areas of sulfur and nitrogen compounds.
The identiffcation of a "new," toxic emission product resulting from ther
use of a new fuel additive, emission control device, or alternate engine
would permit a fairly straight-forward appraisal of potential public
health risk. Unfortunately, this is rareiy, if ever, the real-world
situation. Emissions from mobile sources are immensely complex, contain
hundreds of compounds, and are affected by many parameters. PNA's offer
an example. PNA emissions increase with increased fuel aromatics, yet
the application of oxidation catalyst techno]oéy to achieve reduced
regulated emissions has resulted in a dramatic related decrease in PNA ﬂ
emissions even when using lead-free higher aromatic content fuels. If
we are concerned about the public health consequences of PNA exposures,
as we indeed are, the result is a net benefit even though catalyst-
equipped vehicles emit higher Tevels of PNA's with a higher aromatic

fuel than would be the case with a lTower aromatic fuel.

Sulfuric acid from catalyst-equipped vehicles poses a similar
dilemma. Catalyst technology results in decreased human exposures to CO
and oxidanis. Yet, while the potential exposure to sulfates from all
the su]fur in gasoline is only about 1% of the national ambient air
burden, the high traffic densify localized exposure to directly emitted
sulfates from catalyst may well exceed the general ambient levels by
several fold. Thus, we must, in the future, be concerned not only with
area-wide exposures to automotive-generated pollutants but also to the

localized exposures on and near major concentrations of vehicles.
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The EPA currently has a number of programs under way to permit such
localized and area exposure assessments in the future. In addition, we
- have undertaken major programs to develop and expand our capability to
measure bbth regulated and non-requiated emissions and to ascertain the
impact of fuels, fuel additives, emission control devices, and alternate.
power systems on such emissions. These studies will be focusing not
only upon the details of emission products from the ideally operating
systems, but on the effects of non-design operation, such as may occur
in the hands of the consuming public, on these emissions. At the present
time, howéver, the qualitative cbmparisons presented in Table 1 are the
best thét can be put forth, with the essential understanding that the
bulk of our knowledge is associated only with systems 1A and 1B and is

essentially void for the other systems considered.
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Knowr/Estirated fion-Kegulated Urissions of Public fealth Comern

fron

Engine/System

Current Status

Current and Advanced fmissic

Loatrol Sy and tngines

Known/Potontial Non-Rogulated Cmissions (See Table 2 for Compound ldentification)

.

ICE (Otto Cycle)

‘A, pre-1975

principal current engine

Unburned hydrocarbons, €0, NO. and RO, are limited by emissfon standards. Over a hundrod
individual gaseous hydrocarbons have foen fdentificd.  Nou-requlated emissions Sne i
PHA's, particulates. organic carbon coupounds, lead compounds, nitrugan coupounds (indihatar
HCii), haloceen, compounds {tfrom Yead scavengers), sulfur coupounds, aldghydos. Oxyyenites,
phenols, and trace metals. best emission characterization of all engines. Basic ¢
tive reference for other engines/systems. (Principal particulate emitted is lead ¢

[--

. Gxidation
Catalyst

~ 852 of 1975 vehicles
so equipped

Same general products as with 1A except at much lower levels for hydrocarbons, €O
PilA's, orqanic carbon particulite, lead compounds (unleaded tuel veourved), alaenyoes,
oxygenatc%. and phenols. ilitrogen compounds apparently unchanged.from 1A, Incrouﬂoq
erission rate of 1504 (sulfuric acid). Trace metals unchanged with possible exception
of large perticulate 2>IGL ) noble wetals and catalyst support material {alumina)
Principa? rarticulate emission product is hydrated suituric acid. Use of

air injection increases sulfuric acid emission. Reduced forws of sulfur (C0S, CS

, H,5)
identified when catalyst operated under reducing conditions (fuel rich carhuretiog). 2

o

. Dual Catalyst

under development.

In gencral, as 1B plus ity if operated under severe reducing conditions without adequate
post-oxidation. Sulfuric acid ray still be emitted due to air injection bLetween front
reducing catalyst and aft oxidizing catalyst. Increased trace wetlal emissions reporivd
{nickel) with non-noble wetal systems, Poorly characterized to date.

=

. 3-Way Catalyst

under development

Very low emission rates of hoth regulated (HC, CO, HO_ ) and non-rcgulated emission
products if system can be maintained at required narrdw air-fuel ratio over fulil
engine operating range. Technoiogy and durability a problem at present., Lean
excursion -- sulfuric acid 1ikely. Rich excursions -- H,S, €0S,” (5,, HCN possible.
Catalyst attrition products as particulate possible. Pogrly charac@erized to date.

E. Thermal Reactor

used on small number 1974-
1975 vehicles, may be used
with catelyst systems in
future

Same relative emissions as 1A except at reduced Yevels. Trace meta) owmissions may bn
slightly higher. Leaded fuel used with non-catalyst systems, thus lezd compounds arc
emitted, Eetter characterization data than for 1C or 1D, but less thin 1A and 0.

F. Lean Burn Possiblc in the Some relative emissions as 1A except at reduced levels if pred without catalysts altheugh
near future -- under lead compounds would be caitted if leaded fuel used. Possible increase in oxidized
development sulfur cempounds, aldehydes, and oxyucnates. As 1B if catalyst used with Yean burn

approach. Poorly characterized at prasent. k

G. Stratified foreigﬁ rodel in production Same as A but at reduced levels when gasoline-Tueled and without catalyst. Lead

Charge in 1975 -- development compounds emitted if leaded fuel used. Possible increase in cxidized sulfur compeunds,
advancing aldehydes, and oxygenates. ‘icavier fuels (distillate, diesel, turbine) rasult in
increased particulate and smoke and possibly PRA's, organic particulate, and aldehydes
over 1974 1A's. Poorly characterized. Likely as 18 if catalyst trcatont employed aisc.

2. Diesel current medium and heavy duty High particulate (principally carbon), smoke, and oder known, Aldchydes and, likely,
engine, limited light duty -- PHA's higher than 1B but Tikely lower than uncontrolled (pre-1968) 1A. Oxidized
1ight duty under development sulfur compounds higher than 1A due to high sulfur levels in diccel fuels relative to

gasoline. Similarly, trace mctal emissions are higher than 1A. Organic perticulate
emissions may be higher for certain diesel configurations. Poorly characterized but
studies underway.

3. Rotary currently used, small percen- Basically same emissions as 1A with higher PilA's, organic particulates, and trace metals
tage of fleet -- uses thermal due to current high oil consunption rate. Poorly characterized. May approach 18 if
reactor for HC, CO control oxidation catalyst coupled to engine to achieve reduced HC/CO targets.

4. Sterling long rauge possibility Very low requlated and non-requlated cwissions due to continuous coirhustion process. Ko
"new" emissions expected (relative to 1A) cxcept as may result from fuel used: i.c.,
increascd sulfur compounds, FilA's, erganic particulate, and trace metals if a heavier/
dirtfer fuel than gasoline is used. Mot characterized for non-regulated enissions.

§. Rankine Tong renge possibility Very low requlated and non-requlated emissions due to continuous combustion process. H:
"new" emissions ezpected {relative to 1A) except as may result from fuel used: i.r.,
increased sulfur compounds, PiA's, oryanic particulate, and trace metals if a heoviee/
dirticr fuel than gasoltine is used. Hot characterized for nen-roguilaled emis;iou-.

6. Turbine 1os.y range posuibility Very lew requlated and non-requlated emissions due to continuous combustion process, ‘i

"new" emissions erpected (relitive to iA) except as may result from fud) wsed: i.e.,
increascd sulfur compocnds, PHA s, organic particulate, and trace wmetals 36 a heavier,
dirtior fuel than gasolioe is used. Hot chavacterized for non-regulated esission,, o
nickel caicsions repored from one developmental regencrative autlomotive turbin,
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JABLE 2
Non-Regulated Emissions of Pulilic Health Concern
Brief Toxicolouical Background

Toxicological Concern

Conpound

Pt {(Platinum)

Methylation of platinum compounds occurs. Body does absorb and distribu&e metallic and several soluble and insclulic
compeunds. betal allergen. Toxic at high concentrations. TLV is2.g/m” (soluble form, as Pt).

1d (poliadium)

Is toxic at high concentrations. May act as cardiac irritant. Kot believed an allergen or respiratory irritont as
Pt. Little dala available. HNo TLV.

in (Rundium)

iu (Ruthenium)

o data available. Hu TLV.

Fﬁ«‘s] (Polynucicar
{ri:atic Hydrocarbons)

Over 20 emitted from ICE. Several known to be carcinogenic.

l'ncnuls1

Scveral are emitted. In geneval, this class of materials is toxic, irritates the eyes, nose, and throat end ran 1. .
to chronic poisoning. Impact lungs, heart, liver, and kidney. TLV's for specific phenols, range from 100 wg/w” wc
19,000 wg/m”., of these identified in exhaust (Table 3) TLV ranges from 19, 00-22,000 ug/m>.

hldchydcs1/0xygenatcs

Reactive organic materials. Many are present in auto exhaust. Generally primary irritation to skin, eyes, and

)
¢

race Matals

respitetory tract.

Over 20 emitted frem engines. Usually, very low concentrations. Some, such as nickel, are carcinogenic. Othors,
such as iron oxide, appcar to act as PNA cancer potentiatoers.

Lead

Toxic to humans. EPA has published lead in gasoline regulations. TLY 150 ug/m3 (as ifnorgapic lead).

ii2504 (Sulfuric Acid)

Fa
Respiratory ipritant. One of the most irritating of the sulfate compounds. Limited humnan clinicel studies.
TLV 1000 wg/m”. :

1S (Hydrogen Sulfide)

At low concentrations (50 ppm) rgspiratory irritant. At high concentrations (over 500 ppm) lethal systeamic
poison. TLV 10 ppm (15,000 ug/m” )

€0s (farbonyl Sulfide)

Very rcactive toxic gas. Central nervous system poison. One case rcported lethality at 8 ppm after about an ‘hour
exposure. No 1LV. (USSR: TLV 3.3 ppm, ambient air 3.3 ppb)

CSZ (Carbon Disuifide)

Toxic vapor which affects the central nervous system. Chronic effects reported. TLV 20 ppm (60,000 ug/m3) with
littie, if any, safety margin. Cardiovascular and neurological effects have been noted from chronic exposurce
approaching 10 ppm.

LR (ilydrogen Cyanide)

Lethal gas. Immediately fatal at 270 ppm. Principally an acute poison. There are a few reports of chronic cffacts.
TLV 10 ppm (11,000.9/m>)

NH3 (Anionia)

Gas irritating to eyes and respiratory sgstcm. Reports of temporary blindness and intolerable frritation at high
concentrations. TLV 25 ppm (18,000 pg/m”)

1 -
Sce Table 3 for identified emission products.

Reference: TLVts._ Threshiold Limit Values for Chemical Substances in Workroom Air Adopted by the American Conference of Government Industrial
Hygienists for 1975. Journal of Occupationa) Medicime, Vo), 16, No. 1, January 1974.
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Identified Phenol, PNA, and Aldehyde

Compounds in Automotive Exhausts

PHENOLS

Phenol

0-Cresol

m-Cresol
2,4-Dimethylphenol

Dimethylphenol

2,3-
3,4-Dimethylphenol
2,3

»5-Trimethylphenol

POLYHUCLEAR AROMATIC HYDROCARBONS

2
Naphthalene

3
Acenaphythylene
Anthracene, A
Alkyl As

Phenanthrere
Trimethylphenanthrenes

4

Benz(a)anthracene, BaA*
Methyl BaA

Chrysene, C*

Methyl C

Dimethyl C
Fluoranthene, Ft

Methyl Ft

Pyrene P

Methyl P - ,

11 H-Benzo(b)fluorene, BbF
Methyl BbF
Triphenylene
Naphthacene

5

Benzo(a)pyrene, BaP*
Methyl BaP

ALDEHYDES

Acetaldehyde

Acrolein + propylene oxide
Propionaldehyde
Methacrolein + methylfuran
Crotonaldehyde

*Carcinogenic
- Iy-12

Dimethyl BaP
Benzo(e)pyrene, BeP*
Methyl BeP

Dimethyl BeP
Benzo(ghi)fluoranthene.
Benzo(b)fluoranthene*
Benzo(j)flucranthene*
Benzo(k)fluoranthene*
Dibenz{a,h)anthracenc*
Dibenzofluorenes
Perylene

6

Anthanthrene*
Benzo(ghi)perylene
Dibenzo(a,1)naphthacene
Dibenzo(a,e)pyrene*
Dibenzo(a,h)pyrene*
Dibenzo(a,1)pyrene*
Indeno(1,2,3-cd)fluoranthene
Indeno(1,2,3-cd)pyrene*

7
Ceronene :
Dibenzo(b,par)perylene
8

Tribenzo(h,rst)pentaphene

Tiglaidehyde
Benzaldehyde
Tolualdehyde
Ethylbenzaldehyde
Salicylaldehyde



APPENDIX V

PRELIMINARY DATA FROM THE SULFURIC
ACID BASELINE PROGRAM



TEST REPORT
AUTOMOTIVE SULFURIC ACID

BASELINE PROGRAM

ENVIRONMENTAL PROTECTION AGENCY
EMISSION CONTROL TECHNOLOGY DIVISION

JANUARY, 1976



" SUMMARY

This program involved the testing of 75 vehicles for sulfuric acid
and gaseous emissions (HC, CO, NO,and CO,). A variety of catalyst and
non-catalyst cars were tested. Of the 75 vehicles originally scheduled,
56 have been tested to date. These cars included both current production
cars and cars designed to meet advanced emissions standards. The catalyst
cars were preconditioned with 500-1,000 miles of modified AMA preconditioning
on 0.03% sulfur fuel. The non-catalyst vehicles were tested without
preconditioning. Four different labs (EPA-OMSAPC, EPA-ORD, Exxon Research
and Engineering Co., and Southwest Research Institute) participated in
this program.

The following test schedule was run twice with each car:
FIP
SET
SET
SET
SET

The average sulfuric acid emissions found over the SET is listed below
for different categories of vehicles.

Catalyét vehicles with air injection about 30 mgpm (range 0.3-96)
Catalyst vehicles without air injection about 8 mgpm (range 0.5—835
3-way cata;yst‘vehicles about 1 mgpm
Non-catalyst vehicles about 1 mgﬁm

Two conclusions that can be made from this program are:

(1) There is no definite trend indicating that sulfuric acid emissions
increase with the severity of the HC, CO, and NOy  standards.
There were vehicles with low sulfuric acid emissions in each -
category. For example some catalyst vehicles meeting HC, CO,
and NOy; standards of .41, 3.4, and 2.0 (or less) gpm had very
low sulfuric acid emissions. While some catalyst vehicles
"in this low emissions category had high sulfuric acid emissions,
many catalyst vehicles meeting the more lenient standards of 1.5,
15, and 3.1 gpm HC, CO, and NO, had equally high sulfuric acid emissions.

(2) The main factor causing high sulfuric acid emissions for cars
with either pelleted or monolith catalyst is excess air (oxygen)
in the catalyst. This excess oxygen level is frequently independ-
ent of whether or not the car has an air pump. For example, a
non—-air pump catalyst car with a lean calibration could have a
high exhaust oxygen level. Some catalyst cars with air pumps
may have low sulfuric acid emissions while some catalyst cars
without air pumps may have high sulfuric acid emissions.



BACKGROUND

Work done for the Environmental Protection Agency in 1972 showed
much greater emissions of sulfuric acid from catalyst equipped vehicles
compared to non-catalyst equipped vehicles. EPA is concerned that
sulfuric acid emissions from catalyst equipped vehicles may cause high
localized ambient levels of sulfuric acid in congested traffic situations
and thus have adverse health effects. To prevent such a problem from
occurring, EPA plans to propose automotive sulfuric acid regulations
effective for the 1979 model year.

In developing these regulations, EPA devised a new driving cycle
(the Sulfuric Acid Emission Test or SET) representative of congested
freeway operation where the highest localized sulfuric acid levels
are expected to occur. It was necessary to develop a new driving
cycle since neither the Federal Test Procedure (FTP)nor the Fuel
Economy Test (FET) represent the congested freeway type driving situation.

This cycle was tested extensively in the summer of 1975 in the Test
Procedure Development Program. The following four pairs of matched
cars supplied by the automobile companies were used.

2 Fords - ménolith catalyst with air injection

2 Plymouths - menolith cataiyst without aif~injection
2 Chevrolets - pelleted catalyst without aif injection
Z'AMC'Horncna— pelleted catalyst with air injection

All of the cars except the Fords were designed to meet standards of 1.5,
15, and 3.1 gpm HC, CO, and NOyx respectively over the FTP. The Forde
were désigned -to meet standards of 0.9, 9.0, and 2.0 gpm.

The Test Procedure Development Program involved the Lebtlng of the
cars on the following sequence with 0.03% sulfur fuel.

"1) Run AMA to 4,000 miles
(regular AMA, 11 laps, 70 mph maximum speed)

2) SEQUENCE A

E Ann Arbor road route - 1 hour
1 LA 4 (hot start)
4 hot start emission tests (SET)*
Ann Arbor road route -~ 1 hour
Overnight soak
Federal test procedure (FTP)*
Fuel Economy Test (FET)*

Repeat 2) twice for a total of 3 sequences

3) Run 300 miles of modified AMA **

4) SEQUENCE B
Ann Arbor road route - 1 hour



1 LA-4 (hat start)
Overnight soak

- FTP*

SET-2 times*

FET*

Repeat 4) twice for a total of three sequences
5) Repeat 3

SEQUENCE C
6) Ann Arbor road route - 1 hour

1 LA-4 (hot start).

Overnight soak

FTP*

FET*

SET-2 times*

Repeat 6) twice for a total of three sequences

7) Run SET as mahy times asnecessary until a stable
sulfuric acid emission value is obtained.

8)' Repeat'3)

* HC, CO, NOyx, Sulfate,and SO Measurement Taken.
%% 55 mph top speed, no wide open throttle accelerations.

In addition, Sequence A was run again with modified AMA preconditioning
for the. cars tested by EPA~OMSAPC and EPA-ORD.

© The sulfurlc acid emissions from the vehicles without air injection
were low, about 1 mgpm. The vehicles with air injection had much higher

sulfuric acid emissions, generally from 10 to 70 mgpm.

A summary of the mean values, standard deviations, and coefficients of
vatiation for various test cycles are given in Tables 1, 2, 3,'4, and 5.

Table 1 Sulfuric Acid Emissions over the FIP -
Table 2 Sulfuric Acid Emissions over the FET

_Table 3 Sulfuric Acid Emissions over the SET in Sequence A
(SET preceded by Ann Arbor Road Route)

Table 4 Sulfuric Acid Emissions over the SETs in
Sequence B. (The SET preceded by FTP)

Table 5 Sulfuric Acid Emissions over the SETs. in
Sequence C (SET preceded by FET)
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These values show that thé sulfuric acid values for the SET in
sequence A are more variable than those in either sequence B or C.
This greater variability is probably caused by lack of a specific
preconditioning since the Ann ‘Arbor road route involves actual driving
in city traffic which is not as reproducible from run.to run as
dynamometer cycles. The oné LA-4 cycle for preconditioning 1is apparently
insufficient to assure reproducible results.

The values in sequence B and C are essentially similar and some-
what more reproducible than those in sequence A. These numbers suggest
that it does not seem to make any difference whether the sulfuric acid
cycle is preceded by either an FTP or an FET and should give similar
emissions when preceded by either cycle. 'This finding is encouraging
since it allows EPA to place the sulfuric acid cycle after either cycle
in the certification process.

Another finding from the data is that sulfuric acid emissions are
similar for cars preconditioned with either the regular or modified AMA.
No statistically significant difference could be found between the two
preconditionings.

However, the variability of the sulfuric acid data is high and
greater.than that found by EPA for gaseous emissions over the FIP.
Prevous EPA work (SAE Paper 741035) found the following coefficients
of variation for gaseous emissions over repetitive FTPs on a catalyst
car:

HC 10%
cCo  15%
NO, 2%
' COop 4%

Coefficients of variation for sulfuric acid emissions are approximately
30-40%. 'This high variability may mask the differences between the
various preconditionings discussed above. The reasons for the higher
variability are not known. It was thought that input emissions (HC,
Cd, NOx, SO2, 02, etc.,) to the catalyst were not stable. Tests were
run by Exxon, Southwest, and EPA-ORD in which continuous traces of HC,
CO, NOgx, CO2, and sometimes O were taken upstream of the catalyst. These
emissions were found to be stable from one cycle to another. Limited '
tests were run by EPA-OMSAPC in which SO2 was measured continuously
downstream of the catalyst. These tests were done with an experimental
second derivative spectrophotometer which is just in the process of
being applied to automotive exhaust. The readings on this instrument
are to be considered only preliminary until more evaluation work is done.
However, these readings showed that the instantaneous_ 507 emissions
were not as reproducible as were the other gaseous emissions. This work
suggests that sulfuric acid storage and release on the catalyst may
cause the higher variability.
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Following this program, the Baseline Program was started. The
main purposesof the Baséline Program were as follows:

(1) to obtain sulfuric acid emission factors on a greater number
of currently produced catalyst and non-catalyst vehicles.

(2) to obtain sulfuric acid emission factors on a number of
advanced prototype vehicles designed for more stringent
control of HC, CO, and NOy emissions.
VEHICLES
A total of 75 vehicles were scheduled for baseline testing representing
a variety of current and advanced emission control systems. The following
general categories of vehicles were selected:

(I) Current non-catalyst vehicles

(I1) Current catalyst vehicles designed for the following combination
of standards:

HC gpm CO gpm - NOx_gpm
1.5 - 15 3.1
1.5 15 2.0

.9 9.0 2.0
A 9.0 1.5
A 3.4 2.0

(ITII) Advanced non-catalyst vehicles (stratified charge, lean
burn, diesel, lean reactor, rotary‘engine.)

(IV) Advanced catalyst vehicles (3-way catalyst, start catalyst,
modulated air injection, sulfate trap).

(V) Fleet vehicles
2 sets of 5 identical cars to be used to determine car-to-car
variability.

A complete'listing of the 75 vehicles scheduled for this program and
the tests conducted are listed in Table 6. The following four laboratories
participated in this program. :

AA= EPA-OMSAPC, Ann Arbor, Michigan
RTP= EPA-ORD, Research Triangle Park, North Carolina
SwRI= Southwest Research Institute, San Antonio, Texas
Exxon= Exxon Research and Engineering Co,, Linden, N.J.
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Of the 75 cars, only 56 have been testec as of this.date. Many of the
remaining cars will be tested later. Many of the vehicles were supplied
by General Motors, Ford,Chrysler, American Motors, and Volvo. These cars
included the prototypes designed to meet future standards as well
as some production cars meeting the 1975 standards. The rest of the cars
were eilther privately owned or rental vehicles.

TEST SCHEDULE

The catalyst cars were preconditioned using the AMA schedule
specified in the Federal Register* except that the wide open throttle
acceleration was eliminated and the maximum speed in the last lap was
55 mph. Pelleted and monolith catalyst cars were preconditioned for
1,000 and 500 miles respectively with 0.037 sulfur fuel. A limited
number of the GM cars were also preconditioned with the regular AMA (with
the wide open throttle acceleration and 70 mph maximum speed included).
Preconditioning a limited number of the GM cars with both regular and
modified AMA.will give a comparison of how the two preconditionings affect
sulfuric acid emissions. Each of the laboratories participating in this
program did the vehicle preconditioning themselves with either on road or
dynamometer operation. However, GM and Ford accumulated AMA mileage on
the prototype vehicles supplied to EPA-OMSAPC making additional mileage
accumulation on these vehicles unnecessary.

The vehicles were tested in a two day sequence that included
sulfuric acid cycles in addition to FTPs and FETs. The exact test sequence
is listed below:

23 minute LA-4 preconditioning
Day 1

F1P
SET
SET
FET
SET
SET

Day 2

FTP
SET
SET
FET
SET
SET

Particulate mass, sulfuric acid, HC, CO, NOyx, and frequently SO0y were measured
over all FTPg, SETs, and FETs.

*Federal Register, Volume 37, No. 221 Part 85 Page 24319, November 15, 1972



-6~

Running the sulfuric acid cycle after both the FTP and FET will give
EPA more information on how these two cycles affect emissions over the
sulfuric acid cycle. Strictly speaking, additional AMA mileage would
have ideally been run before the FET. However, limited data from the Test
Procedure Development Program suggest that no trend is apparent on sulfuric
acid emission tests which are 1) preceded by AMA mileage accumulation and
either an FTP or FET, or, 2) preceded by just an FTP or FET. Also, it
would have been impossible to complete the program in the time required 1if
additional AMA mileage accumulation were necessary.

Running two SETs after the FTP and FET gives an indication of how
closely a second SET agrees with the first SET. It is possible that the
second SET which is preceded by the first SET will be different from the
first SET which is preceded by an FTP or FET. Finally, running the
entire test sequence a second day will give an indication on the repeatablllty
of the sequence. :

RESULTS

A summary of the test results is given in Table 7. This Table lists
the following: '

(1) the vehicles tested.

(2) the FIP gaseous emissions.

(3) " the fuel economy over the FTP and FET.

(4) the average sulfuric acid emissions over the two FTPs.

(5) the average sulfuric acid emissions over the two FETs.

(6) the average, maximum, minimum, standard deviation, aud
coefficient of variation for the sulfuric acid values over.the
eight SETs.

The appendix includes a list of all gaseous and sulfuric acid emission
values for every test on each of the cars.

The first category (I) of cars tested was current non-catalyst cars
including three vehicles with air pumps and one vehicle without an air
pump, The three air pump cars were 1975 production cars meeting standards
of 1.5, 15, and 3.1 gpm HC, CO, and NOx. The non-air pump car was a 1972
Chevrolet. Sulfuric acid emissions were very low from all cars, generally
less than 1 mgpm. This low level is expected from conventional non-catalyst
vehicles.

The next category (II A) of the cars tested was 1975-76 catalyst cars
designed to meet standards of 1.5, 15, and 3.1 gpm, HC, CO, and NOx. Three
of the vehicles did not have air injection and had average sulfuric acid
emissions under 10 mgpm. Two aof these cars were 1975 Plymouths supplied by
Chrysler Corporation and tested by Exxon. These cars had sulfuric acid emission
" rates of 1 mgpm when tested last summer but 7-9 mgpm when tested in the
baseline program. The glass fiber filters used by Exxon have a high sulfur .
background which may affect the accuracy of the results, especially at lower .
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sulfuric acid emission levels such as 1 mgpm. Eight cars were tested with
air injection. Seven of these cars showed sulfuric acid emissions of

8-24 mgpm over the SET. These levels are typical for air injection cars.
However, the eighth car was a 1975 Granada tested by EPA-ORD. EPA-ORD
reports that this car was a '"full pass' system with all of the exhaust
passing through an Englehard catalyst. The sulfuric acid emissions

were extremely low at less than 1 mgpm over the SET. It is not known

why the sulfuric acid emissions are this low. ‘

The third category (II B) of cars was catalyst cars designed to
meet the 1975 California Standards of 0.9, 9.0, and 2.0 gpm HC, CO,
and NOx. Of the nine cars originally scheduled in this group, four could
not be tested this time and will be tested at a later date. Three of
the five cars tested had air injection and showed sulfuric acid emissions
of 15-50 mgpm over the SET. The two cars without air injection (an
-0ldsmobile and Buick) showed sulfuric acid emissions over the SET of about
20 mgpm for the Oldsmobile and 6 mgpm for the Buick. The 20 mgpm
level is higher than normally expected for non-air pump cars and is
probably due to the lean calibration (about 5% exhaust oxygen at idle)
- The sulfuric acid emission levels of cars in this category are about
what would be expected.

The next category (II C) of cars was advanced catalyst prototypes
designed to meet 0.4, 3.4, and 2.0 gpm HC, CO, and NOy. Three of these
cars had no air injection. One of these cars was a Volvo prototype
and had very low sulfuric acid emissions of 3 mgpm. Two of the other cars
were prototype Oldsmobiles with pelleted catalysts but no air pumps.
These cars were calibrated somewhat lean (47 oxygen at idle) resulting
in higher sulfuric acid than usually expected for non-air pump cars.
One of the two cars had average sulfuric acid emissions of 30 mgpm over
the SET. The other car had average sulfuric acid emissions of 118
mgpm over the SET. The reasons for the unusually high sulfuric acid
emissions from this car are being investigated.

The. next category (I1 D) of cars was catalyst prototypes designed
to meet 0.4, 9.0 and 1.5 gpm HC, CO, and NOx. The one pelleted catalyst
vehicle with air injection, an AMC Gremlin, had low sulfuric acid emissions
about 5 mgpm over the SET. This vehicle was tested twice to be sure
stable sulfuric acid emissions were obtained. The Oldsmobile pelleted
catalyst vehicle without air injection had low sulfuric acid emissions
of 2 mgpm over the SET. The monolith catalyst vehicle with air injection
had sulfuric acid emissions of 24 mgpm over the SET.

The next category (II E) of vehicles was catalyst vehicles designed
to meet standards of 1.5, 15 and 2.0 gpm HC, CO, and NOx. Three of the
four non-air injection cars had low sulfuric acid emissions. The fourth
non-air pump vehicle (a Chrysler car) had somewhat higher sulfuric acid
emissions than expected (about 20 mgpm over the SET) for a non-air
pump vehicle. The two air injection vehicles had much higher sulfuric
acid emissions. One of these cars emitted 83 mgpm over the SET which
is higher than expected.



The next category (III) of vehicles includes advanced non-catalyst
~concepts such as stratified charge, lean burn, diesel, and rotary engine.
The stratified charge, two lean burn, and rotary vehicles all had low
sulfuric acid emissions (about 1 mgpm). The Ethyl lean reactor vehicle
showed higher sulfuric acid emissions of about 6 mgpm over the SET.

There is reason to think that the chloranilate analysis method used for sulfuric
acid analysis may give erroneous results when lead salts are present from
use of leaded gasoline. Since leaded gasoline had been used with this

. vehicle immediately before the EPA tests, this vehicle will be retested.

The two diesels tested showed high sulfuric acid emissions (about 10-20

mgpm over the SET). The high sulfuric acid emissions are probably

caused to a large extent by the higher sulfur content of diesel fuel(0.21%) .
versus gasoline. (0.03%). :

The next category (IV) of cars was advanced catalyst prototypes
including 3-way catalysts, dual catalysts, and other systems. The
three 3-way catalyst vehicles tested had very low sulfuric acid emissions of
“about 1 mgpm due to the low oxygen level in the exhaust (1% or less).
A vehicle with a 3-way catalyst followed by an oxidation catalyst with
air injection was tested and had 82 mgpm over the SET. Presumably the
higher sulfuric acid emissions are caused by high oxygen levels resulting
from air injection. The dual catalyst vehicle containing a Gould reduction
catalyst followed by a pelleted oxidation catalyst with air injection
had sulfuric acid emissions of 36 mgpm over the SET. A lean burn
prototype with air injection and an oxidation catalystyemitted 88 mgpm
sulfuric acid the SET. A vehicle with a small start catalyst in front
of the oxidation catalyst emitted 40 mgpm sulfuric acid over the SET.
A vehicle with a sulfuric acid trap was found to reduce sulfuric acid
emissions by 50%. Some of the prototype vehicles scheduled in this
category were not available but will be tested as soon as possible.

The final category (V) of vehicles included two sets of five identical
cars which would be tested to investigate car to .car variability. Five
Ford Mavericks were tested in this program and were found to have
average sulfuric. acid emissions of 25 to 43 mgpm over the SET. The
other five vehicles will be tested when they are available.

CONCLUSTONS

This program involved sulfuric acid emission tests of 56 of the 75
vehicles originally scheduled. Emission factors for different catalyst
and non-catalyst systems were measured. These tests gave the average
emission factors over the SET for air injection and non-air injection
catalyst cars as listed below:

Vehicle -Sulfuric Acid

Catalyst vehicles with air injection about 30 mgpm
Catalyst vehicles without air injection about 8 mgpm
3-way catalyst vehicles about 1 mgpm

Non-catalyst vehicles about 1 mgpm
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Two conclusions that can be made from this program are:

(1)

(2)

There is no definite trend indicating that sulfuric acid emissions
increase with the severity of the HC, CO, and NOx standards.

There were vehicles with low sulfuric acid emissions in each

category. For example, some catalyst vehicles meeting HC, CO,

and NO, standards of .41, 3.4, and 2.0 (or less) gpm had very

low sulfuric acid emissions. While some catalyst vehicles

in this low emissions category had high sulfuric acid emissions,

many catalyst vehicles meeting the more lenient standards of 1.5,

15, and 3.1 gpm HC, CO, and NO, had equally high sulfuric acid emissions.

The main factor causing high sulfuric acid emissions for cars

with either pelleted or monolith catalyst is excess air (oxygen)
in the catalyst. This excess oxygen level is frequently independ-
ent of whether or not the car has an aix pump. For example, a
non—air pump catalyst car with a lean calibration could have a -
high exhaust oxygen level. Some catalyst cars with air pumps

may have low sulfuric acid emissions while some catalyst cars
without air pumps may have high sulfuric acid emissions.



Lab
a2

EPA-A

EPA-ORD

Exxon

Vehicle

Granada
Monarch

Impala
Chevelle

Ply I & II

AMC 5 & 6 .

‘Table 1 "SULFURIC ACID EMISSIONS CVER THE FIP

. Catalyst

“ Monolith

w/air

Pellet
w/o-air

Monolith

.‘wo'/a:l.r‘.- -

Pellet
w/air .

Mean
Std. Dev.
Cf. Var.

Mean

-Std. Dev.
Cf.  Var..

Mean

?Std. Dev.
“Cf. Var.

Mean
Std. Dev.

.Cf.  Var.

HC

g/mile

.64
.08
12.82

.51
.09
17.21

.34
.18

48.62

.60
.14
23.00

co

g/miie

6.64
.90
20.28

8.55
2.33
27.72

4.38
1.60

.. 36.38

5.41

1.43
26.26

co,

g/mile

699.13
16.25
2.32

876.24
40.72
4.65

NO,,
g/mile

1.29
.130
9.99

2.04
45
25.60

. 2.83
. W72
25.51

2.82

- 24.35

S04

mg/mile

3.44
1.26
36.32

R4
.23
50.75

1.66 -
1.15
70.32 -

15.41

L 7.7

49.83

S02 -
wmg/mile MPG
- "12.52 .
- 037
- 2.98
31.00 13.610
6.25 .146
20.15 8.74
161.62 -
28.75 -
68.09 -
65.59 - -
96.32 -



Lab

EPA-A

EPA-ORD

Exxon

SWRI1

Vehicle

Granada
Monarch

Chevelle

" Impala

Ply. I &

I1

AMC 5 &
6

Table 2 SULFURIC ACID EMISSIONS OVER THE FET

Catalyst

Monolith

w/air

Pellet
wo/air

Monolith
wo/air

Pellet

.w/air

Mean

. S8td. Dev.
~Cf. Var.

Mean

Std. Dev.
cf. Var.

. Mean

- 8td. Dev.
Ccf. Var.

Mean

Std. Dev.
C£. Var.

HC
g/mile

.27
- .03
11.83

.26
14
53.94

.14
.056
39.43

.09
.02
24 .40

104 .4

COy
g/mile

512.96
12.85

636.56
51.41
8.08

NOy

g/mile

1

.21
.121
10.

05

.33
.26
.20

.69
.36
.94

.65
91
.29

SOy,

mg/mile

34
17
52

73
30
4%

11
77
1

.99
.82
11

.43

14

.58 -

5S4
.45

40

50,
mg/mile

117.17
22.68
19.35

147.69
38.29
25.93

43.43
14,78
34.03

MPG

17.22
.45
2.61

18.53
.26
1.38



,Lab'

EPA-A2

EPA-ORD .

Exxon

'SWRI -

Vehicle
Granada

&"Monarch

Chevelle
& Impala

Ply. I & IT

AMC 56 6,

‘Table 3:

Catalyst

' Monolith_.
w/air

Pellet

wo/air

Monolith

wo/air .

Pellet -

SULFURIC ACID EMISSIONS OVER THE SETS IN SEQUENCE A

(SET PRECEDED BY ANN ARBOR ROAD ROUTE)

Mean
Std. Dev.

-Cf. Var.

'Mean
Std. Dev.

- Cf. Var.

Mean

Std. Dey.

Cf. Var.

Mean

.Std. Dev.
:gf,:‘Var.

- HC
g/mile

.32
.03
10.58

b4
.27
62.45

.11
.07
62.32
.12
.02
14.56

14.76
53.42

1.35
.89
68.55

.28
.18
61.42

COZ
g/mile

551.

5
1

Ny
O - O

3

686.0
72.7
10.59 .

NO,

g/mile

1

10

1

19

.36
14
.60

.98
43
.67

.72
.06
.90

12
.14
.53

SOy

mg/mile

19.61

9.00
46.03

.53
.38
87.43

1.52
1.31
82.36

54.57
22.81

41,98

802
mg/mile

106.33

43.47
40.88

1 126.98

33.97

 26.44

' 66.57

15.51
24.10

MPG
15.99
2.9
15.73

.Sl
3.24



- Lab

EPA-A2

EPA-ORD .

Exxon -

SWRI

Vehicle

' Granada
Monarch

-Chevelle
Impala.

Ply I & II

. AMC 5 &6 -
: - orw/air

Table 4: SULFURIC ACID EMISSIONS OVER THE SETS IN SEQUENCE B

~ Catalyst

Monolith

-w/air

Pellet

-wo/aif

- Monolith
- wofair -

Pellet.

Mean
Std. Dev.
Ccf. Var.

Mean

~Std. Dev.

Cf. Var.

Mean

. Std. Dev.
. Cf. Var.

Meén.
Std. Dev.

Cf. Var.

HC
g/mile

31
.02

5.6

.33
.13
39.84

A1
.05
42.58

.11

027

16.4 -

“ . (SET PRECEDED BY FTP)

Cco
g/mile

1.94

g
.«

26.90

NO,,
g/mile

.13

2.06
.52
23.23

1.23
55.97

2.51

38 ..

14.60

S0

mg/mile

25.00
12.00

L 49.1

47
.26 .
47.42

75
.63

88.24

41.35
8.45

121.00

SO
mg/mile

125.64
31.30
25.26

MPG

15.7
.34
2.15



Lab

EPA-A2

EPA-ORD

Exxon

SWRI

Vehicle
Granada

Monarch

Chevelle
Impala

Ply. I & II

AMC 5 & 6

Table 5:

Catalyst
Monolith

w/air

Pellet
wo/air

Monolith
wo/air

Pellet
w/air

(SET PRECEDED BY FZT)

Mean
Std. Dev.
Cf. Var.

Mean
Std. Dev.
Cf. Var.

Mean
Std. Dev.
Cf. Var.

Mean
Std. Dev.
Cf. Var.

HC
g/mile
.30
.01
3.3

.40
.18
46.13

.10
.06
56.50

.03
21.25

co co,
g/mile g/mile
1.90 564.55
31 11.065
15.15 2.05
16.27 723.9
5.66 66.9
39.62 9.24
23 -
47 -
45.52 -
A1 -
.08 -

N0,

g/mile

21

46

13

.29
.08

.34
.56
.86

.86
.85
.38

.37
.31
.10

SULFURIC ACID EMISSIONS OVER THE SETS IN SEQUENCE C

S0y
mg/mile

18.15
5.5
30.50

.34
.16
43.27

.86
.49
64.27

39.35
13.15
32.75

SO,y
mg/mile

76.00
15.62
20.55

115.63
11.42
9.91

61.12
8.18
13.25

MPG

- 16.2

.34
2.1

14.53
.56
3.86



I.

II.

Category

Current Non-catalyst
Vehicles

Current Catalyst

Vehicles

A. 1.5,15,3.1 gpm,
HC,CO, NOx

B. 0,9,9,2.0

(Calif)

C. 0.4,3.4,2.0

TABLE 6

EPA BASELINE VEHICLES FOR SULFURIC ACID PROGRAM

Vehicle
Description

1. Non Air Pump
2. Air Pump
3. Air Pump
4. Air Pump

Pellet w/air
Pellet no air
Pellet no air
Monolith w/air
Monolith w/air
Monolith w/air
Monolith w/air
Monolith w/air
Monolith w/air

VOO~

10. Monolith no air
1l1. Monolith no air
12. Monolith w/air

1. Pellet w/air

2. Pellet w/air

3. Pellet w/air

4. Pellet no air
5. Pellet no air
6. Monolith w/air
7. Monolith w/air
8. Monolith no air
9. Pellet no air
1. Pellet w/air

2. Pellet w/air

3. Pellet no air
4. Pellet no air
5. ‘Monolith w/air
6. Monolith w/air
7. Monolith lean mixture, no

air injection -
Monolith w/air

(o]
.

Test Vehicle

72 Chevrolet
75 Granada 351
75 Dodge (318)
75 Valiant

75 liornet (304)
75 Chev. (350)

75 Malibu (250)
76 Maverick (302)
75 Maverick

76 Ford LTD (351)
75 Torino

75 Torino _

75 Maverick (250)
75 Plymouth

75 Plymouth

75 Granada

75 Chevrolet (350)

75 Matador (304)

75 Cadillac (500)

75 Vega (231)

75 Clds. Cutlass (455).

Gran Fury (360)

Granada (302)

Audi 100LS (114) or Audi Fox
(97) california

75 Buick

Chevrolet
Pontiac
Olds.
0Olds.

77 Mercury

Volvo

Voivo

Source

Rent
Rent
Rent
Chrysler

AMC

GM

Rent
Ford
Rent
Ford
Rent
Rent
Rent
Chrysler
Chrysler
Rent

Lease
Rent
Rent
Rent
GM

Lease

Ford

Rent or
from Audi
GM

GM

GM

GM

GM

Ford
Chrysler
Volvo

Volvo

Test Lab

RTP
SwRI
SwRI
AA

SwRI
RTP
RTP
AA
RTP
AA
RTP
RTP
RTP
Exxon
Exxon
RTP

SwRIL
RTP
RTP
RTP
AA
SwRI

55
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Category
D. 0.4,9.0,1.5

E. 105,15’2.0

III. Advanced Non-Catalyst
System
IV. Advanced Catalyst

Concepts 0.4,3.4,
(0.4%)

- TABLE 6 (cont'd)
EPA BASELINE VEHICLES FOR SULFURIC ACID PROGRAM

Vehicle
Description

1. Pellet w/air
Pellet no air
Monolith w/air

WK
. .

Pellet no air
~ Pellet

Monolith no air
Monolith no air
Monolith w/air
Pellet w/air
Pellet no air
Monolith w/air
Monolith no air

WONOU B WN

Strat. Charge
Rotary/THM
Lean Burn
Lean Burn
Diesel

Diesel

Lean Reactor
Diesel

o~ W

1. 3-way Fuel Inject., no

air
2. 3-way
3. 3-way

4. 3-way, Fuel Injection
5. Lean Burn Oxidation Cat.
6. Start Cat.

7. Start Cat.

8. Dual Catalyst

9. Mod. Air

10. Mod. Air
11. Sulfate Trap
12. 3-way w/oxide cat. +

air inj. (DeCussa Syst.)

Test Vehicle

Gremlin 232
Oldsmobile Cutlass 350

77 Cranada (302

77 Ciranada (302) recalibrate
75 Chev. Sportvan {350) 3.40
75 Chiev. Stepside (250) 4.11
75 Ford F-100(300) 3.25 Axle
75 Dodge Van (225) 3.55 Axle

Honda CVCC (S0)
Muzda Rx4 (80)

Peugot 504D
Mercedes 240D
Dodge Cornet

VW Rabbit (Diesel)

Volvo
Exxon

Pinto

Pinto

*many of these cars were designed for NOx emissions above 0.4 gpm

car 4 TFord

Axle
Axle

Source Test Lab.
AMC AA
GM AA
Chrysler AA
GM AA
AMC AA
Chrysler AA
Ford AA
AA
Rent RTP
Rent RTP
Rent RTP
Rent RTP
RTP
RT?
Chrysler RTP
Chrysler RTP
RTP
SwRI
Ethyl AA
VW AA
Volvo AA
Exxon Exxon
- GM AA
~ Ford SwRI
GM AA
GM AA
Chrysler AA
AMC AA
GM AA
Exxon Exxon
Exxon - Exxon
Ford SwRI



V.

Category

Fleet Vehicles

TABLE 6 (cont'd)
EPA BASELINE VEHICﬂES FOR SULFURIC ACID PROGRAM

Vehicle
Description
1. Pellet no
2. Pellet no
3. Pellet no
4. Pellet no
5. Pellet no
6. Monolith
7. Monolith
8. Monolith
9. Monolith

10 Monolith

air
air
air
air
air
wiair
w/air
w/air
w/air
w/air

Test Vehicle

75
75
75
75
75
76
76
76
76
76

Oldsmobile (455)
Oldsmobile (455)°
Oldsmobile (455)
Oldsimobile (455)
Oldsmobile (455)
Maverick
Maverick
Maverick
Maverick
Maverick

Source

Rent
Rent
Rent
Rent
Rent
Ford
Ford
Ford
Ford
Ford

Test Lab.

RTP
RTP
RTP
RTP
RTP
RTP
RTP
RTP
RTP
RTP



TABLE 7 SULFURIC ACID EMISSIONS FROM VEHICLES IN BASELINE PROGRAM

FUEL
FTP GASEQUS ECONOMY SULFATE EMISSIONS (mg/mi)
VEHICLE EMISSIONS(gm/mi) (mi/gal) FTP FET SET 1
CATEGORY DESCRIPTORS HC Cco NOx FTP HFET AVG AVG ‘AVG MAX MIN S.D. C.V.
I. Current Non-Catalyst Vehicles
1. Non Air Pump 1.28 36.00 2.83 10.7 14.4 0.4 0.4 0.2 0.9 0.1 0.3 1.12
2. Air Pump -1.57 40.73 2.61 - - 1.4 0.7 0.6 1.4 0.2 0.4 0.68
3. Air Pump 1.30 15.43 1.95 - - 1.7 2.6 2.7 3.1 1.9 0.4 0.17
4. Air Pump 0.91 12.32 2.21 11.9 20.6 0.0 0.0 0.0 0.0 0.0 0.0 Undefined
II. Current Catalyst Vehicles
A. 1.5, 15, 3.1 gpm HC,CO,NOg
1 Pelleted w/air 0.55 4.30 2.26 - - 14.0 61.2 26.1 44.2 15.6 9.6 0.37
2. Pelleted no air 0.40 7.67 1.84 12.8 15.6 0.1 0.2 0.3 0.8 0.1 0.3 1.16
3 Pelleted no air NOT AVAILABLE
4, Mono. w/air 0.55 3.48 1.70 14.0 0.2 4.9 21.9 21.1 31.0 9.6 7.0 0.33
5. Mono. w/air 0.24 0.62 1.59 17.3 20.5 13.9 45.0 42.4 51.5 . 30.3 8.0 0.19
6. Mono. w/air 0.38 2.97 3.62 13.3 19.2 9.3 * 8.0 9.9 19.2 2.4 6.3 0.64&
7 Mono. w/air 1.08 5.33 2.69 11.2 13.5 10.6 16.5 16.0 23.8 4.9 6.1 0.38
8. Mono. w/air 1.41 7.82 2.19 13.8 15.1 8.0 15.0 14.1 20.7 10.0 4.4 0.31
9. Mono. w/air 0.24 0.31 2.42 15.9 18.8 6.9 25.6 17.7 21.9 12.4 3.9 0.22
10. Mono. no air 0.28 4.58 2.78 12.0 17.6 7.4 9.8 6.9 10.6 5.2 1.8 0.25
11. Mono. no air 0.55 7.64 2.12 11.6 15.6 9.4 13.8 9.0 12.7 5.2 2.6 0.29
12. Mono. w/air 0.91 3.20 1.45 14.6 16.9 2.0 0.6 0.5 1.4 0.1 0.6 1.13
B. 0.9, 9.0, 2.0 gpm HC, CO, NOy (California)
1. Pelleted w/air 0.62 16.98 1.87 - - 5.0 16.2 15.2 23.7 10.9 4.0 0.27
2. Pelleted w/air NOT AVAILABLE
3. Pelleted w/air NOT AVAILABLE
4, Pelleted no air NOT AVAILABLE
5. a. Pltd. no air 0.61 1.74 1.20 11.1 17.2 2.4 33.7 23.5 32.9 14.3 6.1 0.26
(Mod. AMA precond.;
b. Pltd. no air 0.44 1.58 1.24 12.0 18.4 1.9 45.0 29.0 41.9 16.6 10.0 0.34
(Std. AMA Precond.)
6. Mono. w/air 0.64 9.26 - 1.67 - - 8.8 94.2 52.1 80.8 23.7 22.3 0.43
7. Mono. w/air 0.65 3.90 1.36 12.8 18.2 9.4 42.0 29.9 37.3 22.3 5.2 0.18
8. Mono. no air NOT AVAILABLE
9. Pelleted no air 0.57 10.72 1.02 10.6 14.2 1.5 8.8 5.6 12.8 2.8 3.7 0.67



VEHICLE
CATEGORY DESCRIPTORS
C. 0.4, 3.4, 2.0 gpm HC, CO, NOy
1. Pltd. w/air
2. a. Pltd. w/air
(Mod. AMA Precond.)
b. Pltd. w/air
(Std. AMA Precond.)
3. Pelleted no air
4. Pelleted no air
5. Mono. w/air
6. Mono. w/air
7. Mono. no air/lean
8. Mono. w/air

D.. 0.4, 9.0, 1.5 gpm HC, CO, NO4
1. Pelleted w/air
2. Pelleted no air
3. Mono. w/air

1.5, 15.0, 2.0 gpm HC, CO, NOx
1. Pelleted no air

2. Pelleted no air

3. Mono. no air

4., Mono. no air

5. Mono. w/air

6. Pelleted w/air

7. Pelleted no air

8. Mono. w/air

9. Mono. no air

ITI. Advanced Non-Catalyst Systems
. Stratified Charge

. Rotary/THM

. Lean Burn

. Lean Burn

. Diesel

. Diesel

. Lean Reactor

. Diesel

W~NOWN P W

FTP GASEOUS
EMISSIONS (gm/mi)

HC co NO,,
0.41  2.18 1.50
0.36  4.18 1.26
0.28  2.81 1.51
0.32  2.10 1.55
0.32  0.79 1.48
0.25  1.08 1.23
0.26  3.94 1.28
0.48  4.98 1.25
0.14  1.36 1.64
0.37  1.47 1.55
0.46  4.02 0.98
0.46  5.66 1.46
0.58  6.81 1.61
0.29  5.02 2.08
1.37  6.36 1.65
0.39 2.9 1.74
0.46  1.80 1.75
0.40  3.70 3.10

NOT AVAILABLE
NOT AVATLABLE
NOT AVAILABLE

0.38 3.85 1.85
2.03 26.14 1.50
0.37 4.81 2.11
0.46 4.37 2.33
NOT AVAILABLE

- 0.74 1.26
0.36 6.88 1.80
0.12 0.98 1.22

TABLE 7 (Cont'd)

FUEL
ECONOMY
(mi/gal)

FTP HFET
11.4 17.4
11.2 15.8
11.7 18.2
10.5 16.0
10.1 15.2
9.9 15.0
12.0 16.4
16.7 23.5
16.0 23.7
19.1 27.2
13.2 18.4
17.0 24.0
14.1 19.2
14.1 19.6
16.5 22,2
14.8 22.%1
14.4 19.6
15.5 16.8
25.2 23.4
13.1 17.1
10.3 19.0
11.4 18.9
11.8 20.2
36.5 50.2

FTP
AVG

FET
AVG

44.3

118.2
29.6
33.1
76.7

65.2

o o
ooN

N
WO 0 W &

W~

HOMNMNN
QwNn o

O O\
[o S (MR VV)

SULFATE EMISSIONS (mg/mi)
* SET
[AVG MAX MIN S.D. C.V.
69.6 78.9 60.7 6.9 0.10
32.1 49.3 14.2 12.4 0.3%
21.7 42.1 9.3 11.2 0.52
96.2 118.2 79.6 19.1 0.15
29.3 87.2 2.3 26.7 0.91
30.3 37.3 16.1 10.6 0.35
81.5 122.8 55.5 27.6 0.34
2.6 3.7 2.0 1.0 0.37
58.8 78.0 48.7 16.7 0.28
5.2 12.8 2.3 3.1 0.58
2.4 2.9 1.9 0.4 0.16
23.9 37.7 4.2 12.1 0.50
3.3 6.7 1.1 1.9 0.57
3.7 12.0 1.5 3.5 0.94
22.3 25.4 18.2 2.5 0.11
2.9 6.4 1.5 1.3 0.47
83.3 106.8 50.6 17.7 0.21
12.7 25.4 . 1.2 8.7 0.68
2.0 3.6 0.7 1.0 0.50
1.5 3.4 0.4 1.1 0.78
0.4 0.9 0.3 0.2 0.43
1.6 2.8 0.9 0.7 0.44
17.4 15.7 18.8 1.2 0.07
6.2 7.7 5.2 1.0 0.16
9.4 10.2 8.6 0.7 0.07



TABLE 7 (cont'd)

FUEL
FTP GASEQUS ECONOMY SULFATE EMISSIONS (mg/mi)
VEHICLE EMISSIONS (gm/mi) (mi/gal) FTP FET I EET l
CATEGORY DESCRIPTORS HC co NOy FIP HFET AVG AVG AVG MAX MIN S.D. c.vV.
Advanced Catalyst Concepts 0.4, 3.4, (0.4*) gpm HC, CO, NO,
1. 3-Way,F.I., No air 0.13 1.42 1.66 18.9 24.3 2.6 2.0 1.5 1.7 1.3 0.2 0.12
2. 3-Way NOT AVAILABLE
3. a. 3-Way 0.31 4.85 2.05 11.8 17.4 0.8 1.1 1.0 2.1 0.6 0.5 0.49
(Mod. AMA Precond.)
b. 3-Way 0.54 6.25 0.89 11.9 17.7 2.5 1.9 1.4 2.8 0.6 0.7 0.51
(Std. AMA Precond.)
4, 3-Way, F.I. 0.45 7.76 1.15 - - 0.9 0.2 0.2 0.3 0.0 0.1 0.61
5. Lean Burn, Oxy. Cat. 0.27 0.66 1.65 12.7 19.1 4.6 105.2 88.2 114.3 77.4 11.7 0.13
6. a. Start Catalyst 0.21 0.70 1.36 13.2 19.0 2.0 95.8 40.0 57.1 14.2 13.9 0.35
(Mod. AMA Precond.)
b. Start Catalyst 0.30 0.72 1.35 13.0 - 1.6 18.7 22.0 27.8 16.2 5.2 0.24
(Std. AMA Precond.)
7. Start Catalyst NOT AVAILABLE
8. Dual Catalyst 0.28 2.78 0.55 15.4 20.7 4.7 57.4 35.9 54.1 16.8 9.3 0.26
9. Modulated Air NOT AVAILABLE
10. Modulated air NOT AVAILABLE
11. a. Sulfur trap
without trap 0.23 2.69 4.90 11.1 16.2 10.6 17.4 9.7 17.4 5.9 - 3.9 0.41
b. Sulfur trap
with trap 0.30 2.84 5.80 11.2 16.2 7.6 5.0 4.7 5.8 3.3 0.9 0.18
12. Three way with oxide
catalyst air injection
(DeGussa System) 0.16 1.63 0.64 - - 39.4 83.2 82.0 102.8 59.9 17.1 0.21
Fleet Vehicles
1. Pellet no air NOT AVAILABLE
2. Pellet no air NOT AVAILABLE
3. Pellet no air NOT AVAILABLE
4. Pellet no air NOT AVAILABLE
5. Pellet no air NOT AVAILABLE
6. Monolith with air 0.53 2.54 1.69 14.8 21.9 13.0 32.8 31.4 49.7 21.3 9.2 0.29
7. Monolith with air 0.42 2.24 1.20 13.4 18.4 16.4 52.3 38.9 52.0 22.4 9.5 0.24
8. Monolith wit air 0.39 2,38 1.66 15.5 23.1 10.1 44.7 34.8 47.5 23.8 8.9 0.26
9. Monolith with air 0.50 1.93 1.79 14.6 21.9 21.4 42.6 43.0 58.8 36.4 8.1 0.19
10. Monolith with air 0.45 2.06 1.71 16.0 18.6 5.8 33.0 25.5 40.0 13.7 8.3 0.32



116
117
118
119
120
121
122
123
124
125
126

127
128

129

130

Test

FTPLF1
SET1F1
SET2F1
FET1F1
SET3F1
SET4F1
FTPLF2
SET1F2
SET2F2
FET1F2
SET3F2
SET4F2

SET1G1
SET2G1
SET3G1

TABLE Y

'PLYMOUTH (1), BASE LINE TEST RESULTS

" Emission Rates As Indicated

€O HC
_gpm  _gpm
'4.58 0.28
0.43 0.08
1.13 0.13
0.93 0.13
1.03 0.13
1.04 0.14
0.88 . 0.12
2.43 0.17
2.95 0.16
3.10 0.18
0.96 0.16
0.77 0.10
0.62  0.09

NOx

_gpm
2.78
4,52
3.95
3.46
3.33

4.25
4.37
4,05
4.13
3.87
4.29
4.06
- 4.02

502

mgpm_
' 164.5

128.6

79.9
116.5
122.1
106.3

91.7
128.9
108.0
101.8

804

gpm

6.7
6.1

6.5 -

6.9

6.0
8.1
7.4
6.7
12.8
5.2
10.6
6.6

7.3

8.6

2 Fuel
Sulfur As
_S02 . 804
112.8 3.1
120.0 3.8
75.7 4.1
117.0 4.6
115.3  e—-
100.0 3.8
62.3 3.7
118.9 4.6
102.7 4.3
101.4 8.5
———- 3.3
95.2 6.6
73.0 4.2 -
91.0 4.6
83.4 5.4

ca&"ﬂ A0

Fuel Sulfur

Consumed FPuel Economy
mepm m/gal.
72,9 12.0
53.6 15.8
52.8 16.1
49.8 17.6
52.9 16.5
53.1 15.8
73.6 11.9
54.2 15.7
52.6 16.2
50.2 17.6
52.6 16.0
53.5 15.8
52.8 16.2
52.6 116.2
52.9 16.1



131
132
133
- 134
135
136
137
138
‘139
140
141
142
143
144
145

Test

FTP1F1

SET1F1
SET2F1
FET1F1
SET3F1
SET4F1
FTP1F1
SET1F2
SET2F2
FET1F2
SET3F2

SET4F2
SET1G1’

SET2G1
SET3G1

TABLE 11

PLYMOUTH (II), BASE LINE TEST RESULTS

Emission Rates As_Indicated

Co -

8.83
0.78
0.70

0.90

0.67
0.92
6.45
1.00
1.55
1.10
2.55

2,55

1.81
2.61

1.94

HC
_gpm
0.71
0.16

0017‘
0.12

- 0.15
0.15
0.39
0.17
0.22
0.14
0.26
0.24
0.22
0.21
0.19

NOx
_gpm

.04
.67
.76
.88
.79
.62
.20
2.69
3.34
4.14
3.35
3.46
.3.46
3.51
3.61

N N NN DN NN

802

- mgpm

98.0

125.6
114.1

138.6

108.4
117.3
91.6
152.9
132.2
147.5
140.7
133.0
137.9
130.2
64.6

S04

mgpm

9.7
10.6
~10.5
16.0
9.9
10.0
9.0
12.7
7.2
11.5
5.2
6.0
6.7
6.3
7.0

¢cAR I A Y

Fuel Sulfur

3.9

"% Fuel

- Sulfur As - Consumed Fuel Economy

- _S02 S04 mgpm m/gal.
60.7 4.0 80.7 12.0

- 106.1 6.0 59.2 16.7
96.4 5.9 59.2 14.7
119.9 9.2 57.8 15.5
93.0 5.7 58.3 15.0
104.7 5.9 56.0 15.7

' 57.0 3.7 80.3 11.1

127.6 7.1 59.9 14.5
111.5 4.1 59.3 14.7
130.1 6.8 56.7 15.8
118.8 2.9 59.2 14.7
111.6 3.3 59.6 14.7
115.1 3.7 59.9 14.6
110.3 3.5 59,0 14.7
54.5 59.3 14.7



TABLE III

BASE LINE TESTS 1974 FORD GALAXIE EQUIPPED WITH PTX-IIB CAR -T"V"-"
OXIDATION CATALYSTS RUNS 1-15, NO SULFATE TRAP
Sulfate
Trap Emission Rates , Fuel Sulfur
‘ on co HC " NOy S02 S04 % Fuel  Sulfur as Consumed Fuel Economy
Test Vehicle gpm gpm gpm mgpm mgpm S02_ S04 . mgpm m/gal
(1) FTP NO 1.99 0.18 4.26 . 79.9 12.4 50.0 . 5.2 . 79.9 ’ 11.2
(2) SET " 0.87 0.14 1.82 1 147.2 17.4 127.3 . - 10.1 ~ 57.8 14.9
(3) SET " 1.05 0.15  7.78 1129.1 8.2 111.9 4.7 57.7 15.0
"~ (4) FET T 0.26 0.12  9.46 72.1 17.6 65.9 10.7 54.7 | 16.2
(5) SET " 0.95 0.12 8.13 145.7 9.9 127.1 5.8 57.3 15.1
(6) SET " 0.87 0.12 7.94 116.1 5.9 100.6 © 3.4 ' 57.7 14.8
(7) FTP " 3.39 0.28 5.53 68.7 - 8.9 42.6 3.7 80.7 11.0
(8) SET _ " 1.24 0.11 - 8.09 159.8 7.9 133.4 4.4 59.9 14.6
(9) SET " 0.71 0.10 7.94 . 104.4. 6.6 . 89.5 3.8 58.3 , 14.9
(10)FET " 0.25 = 0.12 10.194 75.9° 17.2 70.6 . 10.7 . 53.7 : 16.3
(11)SET oo 0.87 0.27 7.41 116.9 7.7 - 100.8 4.4 - ° 58.0 14.9
" (12) SET " -~ 0.50  0.10 ~ 8.34 - 150.9 13.7 131.7 8.0 : 57.3 15.2
(13)SET W 0.62  0.18  7.63  138.3 7.9  120.5 4.6 . ST4T - 15.0
- (14)SET . " - A- - - 98.3 12.0_'4 85.3 . 6.9 . 51.6 15.1

(1s)ser M 0.23  0.11 8,03  103.0 . 16.6 8.3 9.5 -*  ° 58.3 15.0



Test

(16)FTP
(17)SET
(18) SET
(19)FET
(20)SET
(21)SET
(22)FTP
(23) SET
(zajszm
(25)FET
(26)SET
(27)SET
(28) SET
(29)szf

(30) SET

Sulfate
Trap
on

Vehicle

YES

11

"

"BASE LINE TESTS 1974 FORD GALAXIE.EQUI?PED WiTH PTX-IIB

TABLE IV

OXIDATION CATALYSTS AND SULFATE TRAP

Emission Rates

co

2.92
0.57

0.90

-0.38

0.48
0.99
2.76

0.53

0.26

0.65

0.70
0.36
0.86

HC NO,, S0,
gpm gpm mgpm
0.31 5.73 69.3
0.22 7.71 42.8
0.11 7.80 52.5
0.11 9.68 65.3
0.12 8.45 44,7
0.13 7.53 67.9
0.28 5.86  35.3
0.11 8.25 54.9
- — 619
0.27 9.95  46.6
0.21 8.31 82.0
— _— 50.6
0.12 '7.39. 84.2
0.11 7,03 64.5
0.10  6.80  65.2

. 804
mgpm

6.9
5.8
boh
2.9
3.8
3.3
8.2
5.5
4.5
7.2
5.0
5.2
3.8
5.8

3.0

Fuel Sulfur

CAR 0~y

% Fuel Sulfur as Consumed Fuel Economy
802 SOy mgpm m/gal
42.7 2.8 81.1 11.3
36.8 3.3 58.2 14.5
. 45.8 2.6 57.3 15.1
59.7 1.8 54.7 16.1
39.0 2.2 57.4 15.0
48.7 1.8 59.8 14.8
122.0 3.4 80.3 11.1
52,0 3.5 52.8 16.3
539 2.6 57.4 15.1
43.5 4.5 53.6 16.4 -
70.9 2.9 57.8 14,9
45.1 3.1 56.1 15.5
73.4 2.2 57.4 15.0
57.1 3.4 56.5 14.9
54.6 1.7 14,8

59.7



1975 Hornet Sportabout, Baseline Car IIA-1

SOUTHWEST BASELINE EMISSION DATA

Pelleted Catalyst with Air Pump

(0.030% Sulfur Fuel)

Test Test Test Grams/km mg/kn %S %S Total Fuel g
No. . Date Type HC Co NOx 509 S04 as S04 as SO0y Recovery :
10/7/75 FTP 0.33 2.28 1.43 .0390 . 9.93 9.46 44 .43 53.91 2261
10/8/75 FTP 0.35 3.06 1.38 .047 7.41 7.27 71.19 78.46 2203
avg. 0.34 2.67 1.41 L0358 8.67 8.38 57.81 66.19
10/7/75 s-7 0.10 0.18 - 1.64 0.055 9.71 13.48 116.79 130.27 1994
2 10/8/75 S-7 0.11 0.25 1.79  0.036 20.94 27.03 70.63 97.66 2146
0.10 0.22 1.72 0.046 15.32 20.26 93.71 113.96
3 10/7/75 s-7 0.08 0.11 1.74 0.036 13.92 18.84 75.31 94.15 2047
10/8/75 - 8-7 0.08 0.11 1.75 - 27.48 37.81 - —— 2011
avg. 0.08 0.11 1.74 0.036 20.70 28.32 75.31 94.15
4 ‘ 10/7/75 FET 0.07 0.05 1.81 0.032 31.47 42.13 66.45 108.58 1491
4 10/8/75 FET 0.06 0.01 1.55 0.041 44.55 69.56 97.11 166.67 1334
‘avg. 0.06 0.03 1.68 0.036 38.01 55.84 81.78 137.61
10/7/75  s-7 0.12 0.33 2.28 0.082 13.48 13.81 128.48 142.29 2042
10/8/75 S-7 0.09 0.40 1.75 0.037 16.46 23.35 80.99 104.34 1962
avg. 0.10 0.36 2.02 0.060 - 14.97 18.58 104.74 123.32
10/7/75 ° s-7 0.12 0.11 1.59 0.041 9.77 12.74 82.11 94.86 2095
10/8/75 §5-7 0.11 ~ 1.65 0.060 18.14 23.95 121.71 145.66 2085
avg. 0.12 0.11 1.62 0.050 13.96 18.34 101.91 120.26
- 0.10 0.21 1.77 0.050 16.24 21.38 96.57 115.60

Avg. of 8 SET-7's



Southwest Research Institute

CAR

1975.‘CAI.;IFORNIA CHEVROLET IMPALA, PELLETED CATALYST “ Bi‘
BASELINE EMISSIONS SUMMARY (0.0415% SULFUR FUEL) )
g/km mg/km HzS0, as % SO, as % Total

Date Test Type Duzration HC CO NOx . SO2 H>504 of fucl § of fuel S Recovery
11/6/75 FTP 0.37 10,83 1.19 0.136 1,49 0.66 91.43 92,09
11/1/15 FTP 0,40 10,28 "1.14 0. 082 4,74 2.16 56.71 58. 86
Average 0.39 10,56 1.17 0.109 3.12 1,41 74.07 75.48
11/6/15 SET=-7 . 23 min 0.09 2.82 1,09 0.068 8.39 5.2f{ . 65.51 70.77
11/7/75 SET-7 23 min 0,10 3.41 0.88 0,064 6.77 4,60 66,81 71,41
Average 0.10 3,12 0.99 - 0.066 7.58 4,93 66.16 71.09
11/6/75 . SET-7 23 min 0.10 ."4.31 1,05 0,110 8.01 5.10 106.87 111.97
11/7/15 SET=-7 23 min 0. 09 3,20 0,99 0.076 10,03 6.88 80.14 87.02
Average 0.10 3,76 1,02 0.093 9. 02 5.99 93.51 99.50
i1/6/75°  FET 12 min 0.07 1,47 0.94 0,064  7.23 4,99 67.55 72,54
11/7/75 FET 12 min 0.05 0.73 0, 84 0.051 12,94 9.36 56,47 65,83
Average . 0.06 1.10 0.8 0,058 10,09 7.18 62,01 69.19
11/6/75 SET-7 . 23 min 0.11 4,62 1,04 0.085 7.33 4,44 79.09 83.54
11/7/75 SET-7 23 min 0.09 3.28 0.94 0. 051 10,35 7.01 94, 47 101, 43
Average ' 0.10 3.95 0.99 0.088 3.84 5,73 86,78 62.51
11/6/75  SET-1 23 min 0.09  2.84 . 1,00'  0.075 9.79. 6.41 75.14 81.56
11/7/75 - SET=-7 23 min 0.09 2.20 0.99 0. 068 14,75 9.52 67.28 76. 80
Average g . 0.09 2,52 1,00 0.072 12,27 7.97 71.21 79.18



, 1975 MERCEDES 240D- ¢Af I G
Baseline Emissions Summary - Southwest Research

Average

g/km mg/km H2S04 as?% S0 as % Total

Date Test Type. Duration co NO, eI} H,S0y of Fuel S of fuel S Recovery
~/18/75 FTP 0.43 0.78 0.392 9.35 1.75 113.92 116.70
~/19/75 FTP 0.49 0.77 0.283 °~ 12.77 2.32 - _78.70 31.03
Average C.46  0.78 0.338 11.06 2.05 96.31 98.37
'1/18/75 SET-7 23 min 0.36 0.74 0.253 9.75 2.17 123.70 125.86
- /19/75 SET~7 23 min 0.35 0.90 0.324  11.48 2.50 108.35 110.26
Average - 0.37 0.82 0.344 10.62 2.34 116.03 118.36
/18/75 SET-7 23 min 0.34 0.71 0.213  10.05 2.29 74.23 76.53
- 119/75 SET-7 23 min 0.37 0.83 0.277 11.02 2.37 90.88 93.24
Average 0.36 C.77 0.245  10.56 2.33 82.56 8489
/18/75 FET 12 min 0.31 0.71 0.356 9.39 2.33 134.97 ©137.30
/19/75 FET 12 min 0.31 - 0.82 0.296 9.61 2.24 105.65 ..107.89
Average 6.31 0.77 0.326 9.50 2.29 120.31 122.60
- /18/75 SET-7 23 min 0.38 0.71 6.315 10.22 2.32 109.57 111.87
. /19/75 SET-7 23 min 0.33 0.82 0.310 11.03 2,44 - 104.74 107.18
Average : - 0.36 0.77 0.313 10.63 2.38 .~ 107.16 109. 54
/18/75 SET-7 23 min 0.33 0.78 0.342 11.42 2.56 117.56 120.13
/19/75 SET-7 23 min 0.36 0.81  0.277 11.70 2.58 93.54 96.12
0.35 0.80  0.310 11.56 2 105.55 108.13



SOUTHWEST BASELINE EMISSION DATA
1975 California Plvmoutn Cran Fury, Baseline Car II B-6
Monolithic Catalyst with Air Pump

(0.0415% Sulfur Fuel)

%ZfuelS Zfuel: S
Test Test g/kmn g/km as S as S Total
No.  Date Type HC Co NOx SCp H2504 in HpS04 in SO02 Recovery
10/2/75 FTP 0.39 6.46 1.01 0.056  6.44 2.86 © 65.14 68.00
10/3/75 FTP 0.42 5.06 1.08 .079 4.55 1.93 51.51 53.44
avg. 0.40  5.76 - 1.04 0.088 5.50 2.40 58.33 60.73
2 10/2/75 SET-7 0.04 0.42 0.74 0.049  37.41 24.59 49.06 73.64
2 10/3/75 SET-7 0.03 0.49 0.94 0.064 14.76 9.52 63.57 73.09
avg. 0.04 0.46 0.84 0.057 26.09 17.06 56.28 73.37
10/2/75 SET-7 0.03 0.65 0.78 0.081 35.24 23.67 83.03 106.71
10/3/95 SET-7 0.03 0.27 0.78 0.083  23.65 15.65 83.66 99.30
avg. 0.03 0.46 0.78 0.082  29.45 19.66 83.34 103.00
10/2/75 FET 0.03 0.16 0.58 0.036 59.99 46.88 43.39 90.27
10/3/75 FET 0.03 0.07 0.64 0.087 57.13 44.79 104.30 149.09
avg. 0.03 0.12 0.61 0.062 58.56 45.84 73.85 119.68
10/2/75 SET-7 0.03 0.31 0.71 0.065 50.20 34.50 68.02 102.52
10/3/75 SET-7 0.03 0.28 0.70 0.044 - - 48.40 -
avg. 0.03 0.30 0.70 0.054 50.20 34.50° 58.21 102.52
10/2/75 SET-7 0.03 0.36 0.76 0.072 47.26 32.23 75.63 107.87
10/3/75 SET-7 0.03 0.85 0.91 0.090 18.34  10.95 82.18 93.13
avg. 0.03 0.60 0.84 0.081 32.80 21.59 78.91 100.50
Avg. of '8 SET-7's 0.03 0.45 0.79 - 0.068 32.41  21.59 69.19 = 93.75



SOUTHWEST BASELINE ENISSION DATA

ear Ay 4
TWC~9 3 Way Catalyst, No Air Injection

Fuel Injected Pinto

0.71

Dat Test Test mg/km  SO2 as % S02 as % Total
ate No. Type Duration HC Co NOy SCo H2S04  of fuel § of fuel § Recover:
10/28/75 1 FTP 30 4.63 0.71 0.051 0.53 0.58 86.74 87.33
10/29/75 1 FTP 0.26 ° 5.01 0.72 0.055 -—= - 94.90 ——
' 0.28  4.82 0.72 0.053 0.53 0.58 96.82 87.33
10/28/75 SET-7 23 min 0.09 1.79 0.18 0.049 0.06 0.09 113.35 113.44
10/29/75 SET-7 23 min 0.08 1.46 0.66 0.053 0.15 0.22 123.40 123.62
' 0.09 1.63 0.42 0.051 0.11 0.16 118.38 118.53
10/28/75 SET-7 23 min 0.08 1.53 0.68 0.048 0.14 0.20 110.39 110.60
10/29/75 SET-7 23 min 0.08 1.45 0.67 0.051 0.04 0.06 119.96 120.02
0.08  1.49 0.68 0.050 0.09 0.13 115.18 115.31
10/28/75 FET 12 min 0.06 ‘ 0.73 0.73 0.043 ° 0.14 0.23 106.98 107.21
10/29/75 FET - 12 min 0.04 0.49 0.68 0.056 0.16 0.27 152.02 152.79
‘ 0.05 0.61 0.71 0.050 0.15 0.25 129.50 129.75
10/28/75 SET-7 23 min 0.09 1.64 0.74 0.049 0.03 0.05 114.99 115.03
10/29/75 SET-7 23 min 0.08 1.36 0.74 0.057 - 0.21 0.33 136.88 .137.21
0.09 1.50 0.74 0.053° 0.12 0.19 125.94 126.12
10/28/75 SET-7 23 min. 0.08 1.31 0.69 0.053 0.10 0.18 128.16 128.34
10/29/75 SET-7 23 min 0.08 1.23 0172 0.050 0.08 0.12 125.27 125.39
0.08  1.27 0.052 0.10 0.15 126.69 126.87



Test

o

Test
Date Type
10/6/75 FTP
10/7/75 FTP
Avg.,
10/6/75 SET-7
10/7/75 SET-7
Avg.
10/6/75 SET-7
10/7/75 SET-7
Avg.
10/6/75 ©~ FET
10/7/75 FET
Avg,
10/6/75 SET-7 .
10/7/75 SET-7
Avg.,
10/6/75 SET-7 -
10/7/75 SET-7
Avg.

Avg. of 8 SET-7's

_ . . BASELINE EMISSIONS TEST RESULTS
' ) 197X FORD PINTO, BASELINE CAR IV \X
DEGUSSA 3-WAY CATALYST PLUS OXIDATION CATALYST WITH AIR
(0.030% FUEL SULFUR)

g/km mg/km
HC CO NOx  SO2 H2S04
0.09  1.05  0.43  0.048 35.08
0.11  0.97  0.37  0.021 13. 84
0.10 1.0l  0.40  0.034 24. 46
0.01  0.09  0.61  0.047 63.87
0.0l  0.10 0.59  0.039 61.64
0.0l  0.10  0.60  0.043 62.63
0.01  0.0L  0.53 . 0.032 58. 64
0.0l . 0.09  0.54  0.040 46.56
0.0L  0.05  0.54  0.036 52. 60
0.0l  0.00  0.66 - 0.037 43.58 -
0.01  0.02 0.8 0.033 59.90
0.0l  0.02 0.75  0.035 51,74
0.01  0.09  0.69  0.032 39.55
0.00  0.03  0.57  ----- 57, 64
¢0.01  0.06  0.63  0.032 48. 60
0.01  0.0L  0.57  0.021 37.20
0.00 0.11  0.48 ~ 0.025 42,51
<0.01  0.06  0.52 0,023 39. 86
0.01  0.07  0.57 0,034 50. 95

% Fuel S % Fuel S
as S as S

in H2804 in SO2
38.99 82.21
16.99 40. 30
27.99 61,26
96.08 107.94
97. 96 93. 98
97.02 100. 96
87, 40 73,65
72.22 95, 30 -
79.81 84, 48
70.79 91,07
98, 83 83,05
84,81 87.06
59, 46 74.72
91,76 = camaa
75,61 74,72
58.98 51.71
65,49 58. 94
62,24 55, 33
78.67 79. 46

Total

Recovery

121, 20
57.29
89.25

- 204.02

191.94
197.98

161.05
167.51
164, 28

161,86

181, 89
171.87



SOUTHWEST BASELINE EMISSION DATA

SiR

1975 318 CID Non Catalyst Dodge Cornet 3
w/air Injection
% fuel S % fuel S

Test Test g/km mg/km as S as S Total
No. Date Type HC co NOx S0o H2S04 in H2S04 in 503 Recovery

1 10/28/75 FTP 0.85 9.03 1.18 0.071 0.85 0.58 -74.01 74.59

1 10/29/75 FTP 0.77 10.15 1.25 0.074 1.25 0.87 78.19 79.06

0.81 9.59 1.22 0.073 1.05 0.73 76.10 76.83

2 10/28/75 SET-7 0.51 6.02 1.19 0.052 1.95 1.87 75.81 77.68

2 10/29/75 SET-7 0.41 5.15. 1.30 0.053 1.18 1.15 79.58 80.73

0.46 5.59 1.25 0.053 1.57 1.51 77.70 79.21

3 10/28/75 SET-7 0.41 3.53 1.16 C.054 1.52 1.51 82.34 83.86

3 10/29/75 SET-7 0.39 4.82 . 1.24 0.050 1.93 1.86 73.90 75.76

0.40 4.18 1.20 0.052 1.73 1.69 78.12 79.81

4 10/28/75 FET 0.44 2.04 1.24 0.052 1.63 1.90 93.18 95.08

4 10/29/75 FET 0.37 2.53 1.23 0.048 2.71 3.03 81.92 84.75

0.41 2.29 1.24 0.050 2.17 2.47 87.55 90.02

. _

5 -10/28/75 SET-7 .45 5.04 1.35 0.058 1.52 1.42 82.41 83.84

5 10/29/75 SET-7 0.34 - 3.74 1.39 0.053 1.90 1.92 81.97 83.89

.40 4.39 1.37 0.056 1.71 1.67 82.19 83.87

6 . 10/28/75 SET-7 44 3.01 - 1.13 0.059 . 1.56 1.50 ° 87.87 89.37

6 10/29/75 SET-7 0.34 3.80 1.44 0.052 1.88 1.83 77.02 78.85

.39 3.41 1.29 +0.056 "1.72 1.67 87.45 84.11



SOUTHWEST BASELINE EMISSION DATA

1975 351 CID non-catalyst Granada T
w/air Injection
% fuel S %4 fuel S

Test Test g/km mg/km as S as S Total
No Date Type HC co NOy S02 Hy S04 in H2804 in SO2. Recovery
1 10/23/75 FTP 1.01 26.63 1.65 0.063 0.78 0.64 79.98 80.62
1 11/06/75 FTP 0.94 24.00 1.60 0.069 0.97 0.76 83.08 83.84

0.98 25.32 1.63 0.066 0.88 . 0.70 81.53 82.23
2 10/23/75 SET-7 0.39 9.52 1.72 0.051 0.86 1.03 94.36 95.40
2 11/06/75 SET-7 0.57 9.42 1.92 0.060 0.56 0.62 102.47 103.09

0.46 9.47 1.82 0.056 0.71 0.83 98.42 99.25
3 10/23/75 SET-7 0.38 10.70 1.62 G.052 0.24 0.28 91.51 91.79
3 11/06/75 SET-7 0.39 9.20 1.85 0.043 0.24 0.26 71.62 71.89

0.39 9.95 1.74 0.048 0.24 0.27 81.57 81.84
4 10/23/75 FET 0.25 7.84 1.52 0.055 0.43 0.56 110.42 110.99
4 11/06/75 FET 0.30 5.25 1.78 0.074 0.47 0.55 130.68 131.22

0.28 6.55 1.65 0.065 0.45 0.56 120.55 121.11
5 10/23/75 SET-7 0.41 10.87 1.57 0.057 0.36 0.40 98.76 99.16
5 .11/06/75 SET-7 0.38 9.55 1.71 0.063 -0.17 0.19 105.09 105.28

0.40 10.21 1.64 0.060 0.27 0.30 101.93 102.22
6 10/23/75 SET-7 0.37 10.54 1.49 0.054 0.15 0.17 93.39 93.56
6 - 11/06/75 SET-7 0.39 10.69 2.68 0.062 0.25 0.26 101.47 101.74

0.38 10.62 2.09 0.058 0.20 0.22 97.43 97.65




TABLE 1

Sulfate Test Program Results

Test Sequence (0.03% Sulfur Fuel)

FTP

FET
FET

sC
sC

SC repeated x ‘times
Tests Run By EPA-ORD with 5,000 -CFM
Cooling Fan (Mazda and Mavericks ran somewhat warmer than usual)

Tests are shown in order run

CPA-RTP Data

463

HC Cco NOx COo Fuel Economy S04
Vehicle Test g/m g/m g/m g/m mpg mgpm
1975 Blue Chev. Impala " FTP .383 7.760 1.764 757 11.6 0.5
(Supplied to EPA by GM), FET .203 5.528 2.298 641 13.4 1.1
oxidation catalyst, no FET .138. 3.928 2.375 641 13.4 0.5
air injection designed for SC .512 '+ 24.804 1.664 825 - 10.1 0.3
1.5,15,3.1 gpm HC, CO,NOx sC .954 41.505 1.488 556 14.0 - 0.4
) FTP .373 - 8.148 1.904 752 11.2 0.3
S ¥ TN sC .222  10.459 1.961 632 13.4 0.4
sC .715 32.866 1.455 585 13.6 0.2
sC .631 36.263 1.361 585 13.5 0.2
sC .998 39.726 1.300 571 13.7 0.3
SC .535 24.779 1.3% 554 14.6 0.5
sC 1.001 39.565 1.299 554 14.0 0.4
SC. 1.008 43.150 - 1.394 554 13.9 void
_ ’ sC .586. 28.601 | 1.391 554 14.5 0.2
1972 Chev.(non-catalyst) FTP .697 5.354 o 3.111 743 11.5 0.32
Car 309 FET .516 2.955 2.870 510 16.9 0.2
: ' A FET .723 2.718 2.839 559 15.4 0.2
sC .726 11.723 ,3.854 556 15.1 0.2
SC 1.054 36.042 3.780 550 14.3 . 0.1
scC - 1.040 22.918 . 3.764 558 14.6 0.2
sc '1.025 29.652 2.651 463 17.0 0.15
sC 1.027 32.861 3.665 424" 18.2 0.1
sC 1.062  31.398 3.760 452 17.2 0.1 Mo
sC 1.036 32.900 3.737 462 16.8 - 0.2 "\
SC 1.029 32.948 3.742 16.8 0.1



TABLE 1 (Cont'd)

Vehicle HC co NOx CO2 Fuel Economy S04
Test z2/m g/m g/m g/m mpg mgpm
SC 1.109 38.011 3.673 488 15.8 0.1
SC 1.049 41.425 3.739 488 15.6 0.04
SC 1.046 34.634 3.810 488 15.9 0.2
4 SC 0.288 39.423 3.6061 487 15.8 0.1
Honda CVCC FET .093 2.095 2.693 386 22.3° 18.2
FET ©.283 2.097 . 2.695 330 24.6 6.9
-XXK'i'-f SC .126 . &.092 2.676 326 26.6 2.5
sC .314 5.614 2.295 300 28.1 1.1
FTP .743 ©5.012 1.870 340 24.9 0.5
sC .086 2.162 2.229 309 27.9 2.9
sC .155 4.407 2.197 299 28.4 1.5
SC .348 7.208 2.432 274 30.4 1.0
SC L494 - 3.014 2.366 299 27.8 0.8
SC .740 7.600 2.429 283 29.3 0.7
SC .052 1.503 2.377 331 26.1 2.7
sSC .061 2.046 2.451 322 26.8 3.0
sC .187 5.007 2.664 299 28.3 1.4
sC .314 5.610 2.593 299 28.2 0.9
SC .393 7.603 2.877 308 27.1 1.2
1975 Blue Ford Maverick, FET LA77 1.534 469 18.5 39.9
monolith catalyst with air FET .094 1.645 466 18.7 25.8
injection designed for 1.5, sC 1.147 1.343 423 20.6 28.9
15,3.1 gpm HC, CO, NOx sC 1.155 1.342 422 20.6 28.7
; - FTP .200 .648 1.545 505 17.2 3.7
BRS sC .085 1.502 460 18.9 40.6
sC .091 1.298 447 19.4 41.5
sC .091 1.570 485 17.9 47.6
SC .102 1.367 448 19.4 60.8
sC .112 .531 1.366 447 19.4 36.9
SC .104 .532 1.094 461 18.8 20.1
sc .100 2.609 1.163 486 17.7 10.3
SC .097 1.502 447 19.4 42.3
1975 Red Ford Maverick, FTP .226 - .327 2,089 569 15.3 2.9
monolith catalyst with air FET .202 .102 2.005 526 16.5 22.5
injection designed for FET .115 .072 1.934 470 18.2 19.6
1.5,15,3.1"gpm HC, CO, NOy LA-4 .243 .329 2.384 495 17.6 3.4
sC .191 4.705 1,409 . 447 19.1 3.4
LAY sC .223 7.208 1.342 447 19.0 2.4 7}



TABLE 1 (cont’'d)

page 3

HC Co NOy CO2 Fuel Economy 50y
Vehicle Test o/m o/m o/m a/m 2pg ngpm
SC .122 1.503 1.859 504 17.2 5.1

SC .092 1.246 1.255 424 20.4 6.1

Mazda RX-4 FTP 1.663 13.922 1.6385 710 11.8 3.4
,m HWFET .770 8.443 1.908 565 15.0 7.6

LN HWFET 1.108 35.021 1.569 402 18.9 1.3

' SC 11.706 65.654 1.358 349 17.8 3.4

SC 1.608 55.862 1.632 398 17.7 1.7

SC 1.781 8.339 1.840 616 13.7 0.3

SC .532 4.724 1.560 632 13.6 4.8

SC 11.726 71.813 1.382 423 15.2 1.5

1 .970 11.351 1.362 731 11.6 3.2

sC 16.483 94.751 1.166 330 16.4 2.3

SC . .806 6.430 1.871 711 12.0 2.2

SC 8.523 64.079 1.570 436 15.4 1.1

SC 1.302 9.806 1.564 614 13.7 2.4

SC 8.038 52.951 1.471 435 16.0 1.1

1975 Blue Ford Torino, monolith FTP 1.154 4.967 2.783 799 10.7 5.4
catalyst with air injection FET .703 2.100 2.963 820 10.5 20.0
designed for 1.5,15,3.1 gpm FET .564 2.098 2.860 751 11.5 12.8
HC,CO, NOx. SC _.771 2.918 3.280 712 12.1 12.2
‘TII_bC\ sc .972 2.914 3.276 695 12.4 16.4

LA-4 1.158 3.220 2.990 772 11.1 12.2

sC . : 812 2.313 4,161 696 12.4 10.6

sC .822 2.925 2.774 635 13.96 15.2

sC . .788 4.111 3.215 694 12.4 10.8

SC .786 3.778 3.250 660 13.0 10.3

SC .703 3.755 2.888 641 13.4 10.6

sC 742 4,432 3.242 697 12.3 12.2

sC .810 3.772 3.171% 659 13.0 13.5

sC .670 3.808 2.895 697 12.3 11.9

sC .641 4.423 2.993 711 12.1 12.0

sC .762 4.130 3.137 697 12.3 15.1

FTP 1.474 2.865 1.893 561 15.3 %3.}

1975 Yellow Ford Torino monolith FET - .748 2.098 2.682 592 14.6 -

catalyst with air injection
designed for 1.5,15,3.1gpm NOx

HC, Co.

TN



TABLE 1 (Cont'd)

page 4

AV

HC co NOx Co2 Fuel Economy S04
Vehicle Test g/m “glm g/m g/m mpg mgpm

FET .748 2.501 2.652 . 592 14.6 22.9
sC 1.009 2.048 2.774 616 14.0 22.4
SC 1.002 2.312 2.710 585 14.7 19.8
sC 1.015 2.176 3.509 586 14.7 24.8
sC .813 2.031 2.695 555 15.5 19.6
SC 1.045 - 2.055 C2.722 602 14.3 19.6
SC .988 2.056 3.839 587 14.7 N/A
SC 1.074 2.059 2.796 587 14.7 24.8
SC - .997 1.758 2.695 572 15.1 22.4
SC 1.095 2.061 2.824 588 14.6 19.8
SC 1.106 2.059 2.603 571 15.1 18.4
SC .984 1.914 2.662 554 15.5 18.5
SC 1.125 2.096 2.903 588 14.6 16.8
sC 1.442 5.423 2.163 644 13.3 12.0



TABLE 2

Sulfate Test Program Results

' Test Sequence :
v CPAN-RTP Dora
SC
SC
FET
FET
SC
ScC .

The following vehicles were run with a 5,000 CFM cooling fan

Honda €VCC, Mazda RX-4, 2 Torinos, Chevrolet 309, Blue Impala (Series 1)
The following vehicles were run with a larger 22,000 CFM cooling fan
Granada, Blue Impala (Series 2), 2 Mavericks

All cars were run with 0.03% sulfur fuel except the Granada which ran on 0.019%
sulfur fuel containing a managanese fuel additive.

The tests are given in the order rua.

HC - CO NOx ] COy Fuel Economy S04

Vehicle Test g/m g/m - g/m g/m mpg mgpm
. Series 1 (5,000 CFM fan) _
1975 Blue Chev. Impala FTP .433 10.53 1.729 727 11.7 -
(supplied to EPA by GM), sC .269 13.52 1.01 371 22.1 0.8
oxidation catalyst, no air sc .646 36.16 1.22 552 14.2 0.1
injection, designed for FET .760 38.16 1.22 527 14.8 0.2
1.5, 15, 3.1 gpm. HC, CO, FET 427 20.55 1.12 561 14.6 0.2
NOx. sC 1.03 55.38 1.15 521 . 14.2 0.1
, sc 1.07 57.71 . 1.18 504 14.5 0.06
LAY FTP .265 8.53 1.41 683 12.5 0.1
sC .281 9.43 1.16 537 15.8 0.1
sc .749 36.20 .966 487 15.9 0.07
FET .173 29.70 1.11 477 16.0 0.1
FET .256 5.78 1.53 . 502 . 15.2 0.3
sc .480 28.60 1.03 521 15.3 0.2
sC 1.01 41.30 1.14 505 15.2 0.8



TABLE 2 (cont'd) a page 2

4 , . HC Co NOy €Oz ' Fuel Economy S04
Vehicle . Test g/m g/m g/m g/m mpg - mgpm™

Series 2 (22,000 CFM Fan)

.625 2.128 622 13.8 -~

FTP 455 5
sC .124 " 2.565 2.454 559 15.5 -
sC .125 5.509 2.237 541 15.8 -
FET : .154 9.101 1.998 519 16.3 -
FET .167 3.838 2.509 552 15.6 .- -
SC .112 4.940 - 1.906 544 15.8 -
SC _.181 10.893° - 1.619 545 15.5 —
FTP . 457 6.010  2.093 656. 13.0 -
SC .110 2.562 2.115 542 15.9 '
sC .122 4.943 1.989 543 16.7 -
FET .109 3.336 1.952 551 15.6 -
FET 174 1.854 2.117 520 16.6 -
sC .084 2.282 1.911 530 16.3 -
sC 171 4.621 1.669 . 541 15.9 -
1972 Chevrolet (non-catalyst) FTP 1.26 30.02 3.09 632 12.7 .17
Car 309 sC 1.01 32.70 3.08 459 16.9 .16
o ’ sC 1.02 42.80  2.15 484 15.7 -~
11 - FTP 1.25 35.61 3.10 782 10.3 .85
, sC 1.02 41.28 2.10 600 13.0 .91
sC 1.04 50.73 1.66 522 14.4 .21
FET .783 49.82 1.44 563 13.5 .17
FET .759 14.94 2.52 593 14.1 .72
sC 1.05 60.52 1.79 571 13.0 .13
SC 1.05 70.48 © 1,60 554 13.0 .08
FTP 1.32 42.37 2.31 . 885 9.1 g4
sC 1.00 46.40 . 2.04 "~ 568 13.5 .27
sC 1.01 63.98 - 1.52 503 14.2 .13
FET .759 61.17 1.20 464 15.5 -
FET .757 49.66 . 1.54 525 14.4 -
sC 1.04 78.89 1.36 484 14.2 .09
SC 1.05 ~ 81.93 1.32 484 14.1 W11
14.3 2.3

Ford Granada designed for FTP ©.940 4.243 1.442 598
1.5,15,3.1 gpm. HC, CO, NOx : , ‘

€0.019 sulfur fuel) TLALL

57



TABLE 2 (cont'd)

page 3

’ -HC co NOx CO2 Fuel Economy 504
Vehicle Test g/m g/m g/m g/m mpg mgpm
SC .521 .784 1.953 506 17.1 1.4
SC . 541 .775% 2.006 534 16.2 1.1
FET .533 .897 2.107 528 16.4 1.1
FET 771 2.300 2.430 5C - 17.2 . 1.0
SC .525 .784 2.384 5006 17.1 0.1
SC .491 1.033 2.062 487 17.8 0.1
FTP .883 2.168 1.453 580 14.8 1.7
SC .552 1754 1.375 513 i6.9 1.2
SC .512 .754% 1.495 513 16.9 0.1
FET " L479 .889 1.936 507 17.1 0.1
FET .621 1.119 2.030 510 17.0 0.1
sC .573 .795 1.815 529 16.4 0.1
SC .654 .756 2.028 562 15.4 0.1
FET .040 .901 2.095 334 26.0 5.6
FET .068 1.262 1.692 306 28.3 1.3
FET .087 1.275 1.716 315 27.5 3.1
FET .087 2.301 2.032 296 29.0 2.4
Honda CVCC FTP .257 4.021 1.669 317 - 26.9 0.3
Sc 061 1.497 1.671 283 30.5 2.6
nTa , SC .037 1.240 2.049 308 28.0 2.4
sC .281 6.802 1.776 274 ©30.5 -
sC .375 7.590 1.909 283 29.4 -
FTP .248 3.600 1.890 344 24.9 0.6
SC .050 1.52 1.84 303 28.5 3.6
sC .040 1.52 1.96 303 28.5 3.1
SC . 147 4.46 1.5 257 29.5 --
sC .352 7.31 1.93 287 29.5 -=
FTP . .288 2.727 1.971 350 24,1 -
1975 Blue Ford Maverick, FTP ~.290 .938 1.782 499 17.4 . 8.14
monolith catalyst with air SC .083 0 ©1.662 448 19.4 45.8
injection designed for 1.5, sC .085 0 1.413 423 20.5 31.5
15,3.1 gpm HC,CO,NOx FET - .068 0 1.656 421 20.7 52.5
FET .257 365 1.529 433 20.0 44,7
JLAS sC .09 0 1.124 395 22.0 40.1
' sC .075 0 1.290 397 21.9 51.1
FTP .190 299 1.395 504 17.2 19.6
sC .086 0 1.370 443 19.6 51.5



TABLE 2 (cont'd)

page 4

HC

CO2

co NOx Fuel Economy S0y
Vehicle Test "g/m g/m g/m g/m mpg mgpm
SC .086 - 308 1.282 430 20.2 30.3
FET .078 0 1.485 415 20.9 44,1
FET . 187 L2211 1.496 427 20.4 38.5
SC .084 O 1.283 400 21.7 43.9
, SC .080 145 1.406 442 19.7 45.4
1975 Red Ford Maverick, mono- FTP .217 .220 2.560 554 15.7 6.9
lith catalyst with air sC .097 144 2.346 490 17.8 21.9
injection designed for 1.5, sc .107 0 1.816 - 489 17.8 17.9
15,3.1gpm HC,CO, NOyx FET .063 .073 1.426 481 18.1 27.3
' 'JI FET .136 .103 1.403 469 18.5 23.8
A} sc .115 0 1.787 464 18.8 18.6
SC .107 .305 1.694 452 19.2 12.4
FTP .258 404 2.287 539 16.1 -
SC .096 .301 1.911 517 16.8 -
sC .095 .175 1.727 437 19.9 --
FET .083 .217 1.667 441 19.7 --
FET .184 .217 1.803 459 18.9 -
SC .083 0 1.228 433 20.1 --
sC .094 0 1.566 434 20.1 -
Mazda RX-4 TP 2.12 1.4C 1.52 546 14.0 1.2
SC 1.15 12.84 1.63 487 17.6 3.4
T 3, sc 1.67 44.99 1.42 438 16.9 1.0
FET .969 26.20 1.33 480 16.6 3.6
FET .942 28.54 1.38 467 16.9 1.2
sC .957 9.84 1.38 521 16.1 2.6
SC 10.73 60.31 1.34 379 17.1 0.9
FTP 1.94 20.88 1.47 672 12.2 2.3
SC 1.07 16.46 1.12 552 15.0 0.4
SC 13.86 73.54 1.39 349 17.1 0.4
FET 9.258 60.10 1.13 314 19.9 1.2
FET 0.826 7.97 1.40 563 15.1 2.8
1975 Blue Ford Trino, monolith(l_sc 1.20 25.11 1.41 514 15.6 1.5
catalyst with air injection FTP 1.08 5.05 2.54 769 11.2 13.3

designed for 1.5,15,31. gpm
He,CO, NOx. YT A"



TABLE 2 (cont'd).
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HC co Ko CO2 Fuel Economy S0,

Vehicle Test g/m e/n o/m g/m mpg mgpm
sC .649 3.44 2.29 644 13.4 21.6

sC .569 5.00 2.36 629 13.6 11.5

FET .401 2.72 4.07 679 12.7 15.3

FET 474 2.29 3.82 634 13.6 16.4

sC .639 3.78 2.89 660 13.0 20.2

sC .601 4.10 3.13 638 13.5 15.4
FTP 1.08 5.60 2.83 765 11.2 7.85

sc .721 2.90 2.62 645 13.3 23.8

sC .577 2.90 2.34 551 15.6 17.2

FET . 431 2.29 2.65 612 14.1 17.9

sC .599 4.22 1.69 598 14.3 13.6

- sc .612 6.00 2.00 645 13.3 4.9

1975 Yellow Ford Torino, FTP 1.53 8.35 2.09 588 14.4 8.6
monolith catalyst with air sC .927 7.26 2.20 555 15.3 20.7
injection designed for 1.5, sC - 917 ' 8.88 1.72 540 15.6 10.4
15, 3.1 gpm HC,CO, NOx. FET .521 - 7.55 2.13 530 16.0 13.5
FET .699 7.55 2.03 564 15.1 16.1

L A2 sC .750 9.90 1.45 524 16.1 10.6

) sC .735 11.10 1.89 539 15.6 10.2

FTP 1.29 7.29 2.29 647 "13.1 7.3

sc .835 7.23 2.31 553 15.4 18.8

sC .802 8.85 1.88 537 15.7 14.3

FET .553 7.95 2.25 561 15.1 14.3

FET .720 7.51 2.74 602 14.1 16.3
scC .989 9.42 2.70 552 15.3 10.0

sC .998 7.67 2.81 550 15.2 17.7



1576 Ford Huverich VID No. 6X91F117980 N6

DATA SUMMARY

GR/MILE ) ' % Fuel S Conv. to

Run no.  Type ° HC o e, £o2 G PART 502 S04 . S02 S04
5283 FTP T.559 - 2.919 T.en 587.1 4.7 .0203 REC .0069 17.7 4.1
5284 5-7 .249 .599 1.435 448.2 19.3 .0824 .026 .0377 30.2 29.2
5285 S-7 195 © L399 1.642 4561 HUN) G365 .019 .0213 21.8 16.3
5286 FET .395 .746 1.625 417.8 20.7 .0620 .024 .0307 30.0 25.6
5287 FET  -.143 L4y 1.256 395.9 2i.6 L0675 .030 .0318 39.5 27.9
5288 S-7 212 .399 1.79i 264.9 12.7 .0685 017 .0317 19.1 23.7
5289 S-7 .194 .399 1.69 436.9 1.9 .6708 017 .0317 20.5 25.5
5297 FTP 499 . 2.155 1.8¢9 574.2 15.0 . .0418 .028 .0190 25.2 1.4
5291 s-7 .241 .821 1.655 459.0 i2.9 .0673 .014 0297 15.9 22.5
5292 S-7 214 .601 1.663 453.% 1£.9 L0471 .014 .0218 15.9 16.5
5293 FET .203 . .865 1.570 384.6 22.5 .0769 .017 .0346 23.0 31.2
5294 . FET 191 .583 1.667 385.1 22.5 .0747 T .026 .0342 36.1 30.8
5295 S-7 .222 .399 1.758 465.2 18.6 .1087 .019 .0497 21.3 37.2
5296 S-7 .263 1.054 2 3 3

72 578. 5.0 0721 -.019 .0272 17.1 16.



Sulfate Emission (mg/mi)

" EPA Sulfate Baseline Program
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.38/4.8/.91 .3574.8/.57 » .31/2.1/1.53
' : DWH

1-12-76



Sulfate Emission (mg/mi)

120

100

80

60

40

- 20

EPA Sulfate Baseline Program

M-VEL EPA
+ FTP ¢ FTP
¢ S-7 ® S-7
o HWFET m HWFET

= R S

&
B
9 Jr’ar_"““r B
\ Prib ~
::/\°v -R-9° 0 9" 2 = i e } I T N
52321 52724 ES-65334
Qlds 350-4 4500# Std AMA(VEL) 0Olds 350-4 5000# Mod AMA Chevy 350-4 4500# Mod AMA
Mod AMA (EPA) CCS/EGR/OC Mod, AIR/EGR/OC

CCS/EGR/OC

.41/9/1.5 DY
.34/2.6/1,03

1.5/15/2,0 XY S A
.51/9.3/1.60

.9/9/1.5

DWH
1-12-76



Sulfate Emission (mg/mi)
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J976 Ford Maverick VID No. 6x92F118030 L0
DATA SUMMARY

GR/MILE % Fuel S Conv. to
Run no. Type HC co NOX coz MPG PART S02 S04 S02 S04
5334 FTP .453 2.429 1.467 527.23 16.3 .0139 .037 .0058 36.3 3.8
£235 S-7 .268 .786 1.347 384.38 22.5 .0696 .055 .0325 74.3 29.3
5336 S-7 3N 1.693 1.672 444 62 19.4 0412 .053 .0199 61.6 15.4
5337 FET 175 745 V.o 396.68 21.8 .0707 .049 .0327 64.5 28.6
5338 FET .684 1.390 1.634 400.62 21.5 .0621 .055 .0267 7.4 23.1
5339 S-7 .248 1.026 1.544 444 .64 19.5 .0304 .013 L0137 i5.3 10.8
5340 S-7 1.161 2.683 .968 370.93 22.9 .0426 .045 L0191 62.5 17.7
5341 FTP .451 ; 1.956 1.699 1 551.47 15.6 - - - - -
5342 S-7 .350 2.053 1.399 510.414 16.9 .1096 .074 .040 75.5 27.2
5343 S-7 .298 1.930 .908 498.577 17.4 .0702 .052 .0279 54.7 19.6
5344 FET .345 1.861 .951 542.160 16.0 .0887 .068 .0386 65.4 24.7
5345 FET 224 1.935 1.185 568.708 15.2 .0930 .076 .0338 69.7 20.7
5346 S-7 .323 1.846 1.372 491.144 17.6 .0662 .055 .0259 57.9 18.6
5347 S-7 .287 1.972 1.382 494 .830 17.5 .0707 .065 .0251 68.4 17.6
N Cd



1976 Prototype Chrysler Imperial VIN#YM2375C143242
Electronic Lean Burn 3

DATA SUMMARY

. GR/MILE % Fuel S Conv. to
Run no. Type HC co NOX co2 PG PART S02. S04 S02 S04
5258 FTP .355° 4.457 2.022 891.2 9.68 .0027 L1063 .0003 95.3 .14
5238 S-7 .170 2.466 3.121 517.1 16.7 .0070 .094 .0009 94.9 .59
5239 S-7 .169 2.462 3.122 504 .9 17.1 .0046 .097 .0005 100.0 .3
5240 FET .268 2.552 2.508 455.1 18.9 .0038 .079 .0004 89.7 .30
5241 FET ..282 2.772 2.407 442 1 19.4 .0025 .070 .0003 82.3 .24
5242 S-7 .205 2.710 3.028 519.9 16.6 .0023 .092 .0003 92.0 17
5243 S-7 .206 3.266 3.059 525.0 16.4 .0019 .097 .0003 96.0 .22
5251 FTP .388 5.162 2.189 790.6 10.9 - - - - -
5252 S-7 .217 3.822 4,252 532.4 1€.1 .0032 110 .0004 106.8 .27
5253 S-7 .245 5.080 4.546 525.9 16.3 .0015 .110 .0004 107.8 .21
5254 FET .267 2.539 5.2;1 459.0 18.8 .0012 .098 .0003 111.4 .24
5255 FET . 285 2.879 5.221 559.0 18.7 .0008 09N .0003 102.2 .23
5256 S-7 214 3.245 4.317 530.4 16.2 .0016 113 .0004 110.8 .23
5257 S-7 .287 5.368 4.919 530.5 16.1 .0026 - .0004 .24



1976 .Ford Maverick VID 6X92F118024 "N 9

DATA SUMMARY

GR/MILE % Fuel S Conv. to

Run no. Type -HC co NOX co2 MPG PART s02 S04 S02 S04
5311 FTP .482 1.415 1.792 585.3 14.8 .0348 .061 .0164 54.0 9.7
5312 S-7 .243 .604 ~ 1.689 451.6 19.2 .1182 .06C .0588 69.8 45.6
5313 S-7 .203 .596 1.492 398.0 21.8 .0900 .064 .0420 84.2 36.8
5314 FET .3 .869 1.656 388.2 22.3 .0929 .013 .0448 17.6 40.4
5315 FET .169 .593 1.475 385.6 22.5 .0960 .140 .0466 189.2 42.0
5316 S-7 .260 1.72% 1.793 440.5 19.6 .0772 .049 .0368 57.6 28.9
5317 S-7 .225 .389 1.091 437.1 19.9 .0844 .049 .0416 59.0 33.4
5298 FTP .517 2.440 1.783 593.6 14.5 .0577 .040 .0265 35.1 15.5
5299 S-7 .286 .81 1.942 416.8 20.8 .1015 .053 .0484 66.2 40.3
5300 S-7 .214 .399 2.077 448 .1 19.4 .032 43.0

5301 FFT A1 1.582 2.114 403.1 21.4 .1007 .057 .0450 73.1 38.4
5302 FET .168 .588 2.069 403.1 21.5 .0756 .053 .0341 68.8 29.6
5325 S-7 .213 .566 1.514 431.7 20.1 .0744 .032 .0373 38.6 30.0
5326 S-7 .281 .604 1.613 440.1 19.7 .0735 .036 .0364 42.9 28.9



-1976 Prototype Chrysler Imperial VIN IM69H2D241298

Electronic Lean Burn WV %
.DATA SUMMARY

GR/MILE % Fuel S Conv. to
Rin no. Type HC co NOX co2 MPG PART S02 SQ¢ S02 SO
5244 FTP .470 4.457 2.257 761.1 11.3 .0287 .148 .0027 100.7 1.22
5245 S-7 .353 2.999 3.14) 543.5 15.8 .0253 .089 .0028 84.8 1.77
5246 S-7 .316 2.720 2.010 542.7 15.9 .0197 .089 .0023 85.6 1.50
5247 FET .332 2.555 2.577 468.1 15.4 .0122 .085 .0015 94 .4 1.09
5249 S-7 .334 3.273 3.639 555.0 - 15.5 .0130 107 .0014 100.0 .87
5250 S-7 .378 4.046 1.895 523.7 16.4 .0155 .105 .0014 104.0 .93
5259 FTP .439 4.275 2.407 752.4 11.4 L0127 .185 .0009 126.7 .4
5261 S-7 .394 2.689 6.145 524 .4 16.4 .0079 .100 .0010 99.0 .68
5262 FET .351 2.921 4.800 426.9 201 .0079 .C96 .0009 115.7 .76
5263 FET .460 4.364 5.996 470.7 18.2 .0057 .087 .0007 95.6 .48
5264 S-7 .299 3.747 4.968 541.5 15.9 .0109. 107 .0013 162.9 .85
5265 S-7 .334 5.298 4.984 532.0 16.1 .0073 .107 .0009 103.¢ .63



1975 CHEVROLET VAN  VID NO. 3323 e G

DATA SUMMARY

GR/MILE % Fuel S Conv. to
Run no. Type HC co NOX co2 MPG PART S02 S04 S02 S04
291 LA-4 .493 4.62 3.538 581.16 14.683 .0048 .1082 .0004 97.715 .550
292 S-7 .232 4.49 3.829 548.79 15.564 .0035 .1056 .0012 101.000 1.758
293 S-7 .293 0.48 1.674 569.47 15.167 .0093 .1203 .0039 110.854 5.426
294 HWFET .120 0.43 2.342 530.01 16.312 .0157 .0963 .0071 95.382 10.671
295 HWFET .158 0.34 3.613 508.81 16.991 .0238 L1118 .0098 115.313 15.174
296 S-7 .144 0.46 4.414 565.45 15.288 .0179 L1241 .0081 115.121 11.343
297 S-7 .125 0.47 4.339 543.97 15.892 .0219 .1092 .0095 105.330 13.751
298 LA-4 .299 2.77 2.662 527.88 16.247 .0041 .0728 .0009 72.348 1.469
299 S-7 .165 0.30 3.847 526.62 16.418 .0033 .1078 .0159 107.375 23.895
300 S-7 .194 0.64 3.875 533.80 16.179 .0315 .1063 0141 104.535 20.859
301 HSFET .590 0.49 3.490 510.19 16.892 .0307 .0955 0133 98.250 20.537
302 HWFET 115 0.23 3.422 508.78 17.002 .0565 .0647 .0251 66.791 38.148
303 S-7 .167 0.23 3.395 552.24 . 15.661 .0513 .1058 .0232 100.495 33.148
304 S-7 .104 0.23 3.799 559.71 15.458 .0562 .0990 .0254 92.851 35.717



1976 Ford Maverick VID No. 6X92F118017 "N

DATA SUMMARY

GR/MILE % Fuel S Conv. to
Run no. Type HC co NOX c02 MPG PART S02 S04 S02 S04
5267 FTP .455 4.23 1.164 648.7 13.2 .0351 .030 .0178 24.0 9.5
5268 S-7 .165 1.030 1.131 500.2 17.3 .0779 .032 .0405 33.3 . 28.1
5269 S-7 .109 .597 .977 455.1 19.1 .0793 .030 .0389 34.5 . 29.8
5270 FET .145 .749 1.308 461.0 18.8 .1103 .035 .0539 39.8 . 40.9
5271 FET .074 .593 1.310 468.2 18.5 .0795 .035 .0384 38.9 28.4
5272 S-7 .187 1.699 1.302 511.6 16.9 .0458 .023 .0224 23.5 15.2
5273 S-7 125 .814 1.333 492.0 17.6 - .035 .0297 37.2 21.7
5274 F1p .394 .247 1.226 637.9 13.5 .0298 .016 .0150 13.0 8.1
5275 S-7 .144 .605 1.130 498.7 17.4 .0919 .027 .0486 28.4 34.1
5276 S-7 107 .605 1.053 479.0 18.1 0.828 .034 .0411 37.0 29.8
5277 FET .103 .586 1.020 471.2 18.4 .1320 .035 .0585 38.9 43.3
5278 FET 136 .614 1.030 478.9 18.1 .1207 .031 .0583 33.7 42.2
5279 S-7 .128 .614 1.112 526.3 16.5 .1033 .026 .0520 25.7 34.3
5280 S-7 125 1.262 1.146 497.6 17.4 .0745 .038 .0383 40.0 26.9



1976 PINTO VID NO. 9309
DATA SUMMARY

GR/MILE % Fuel S Conv. to
Run no. Type HC co NOX €02 MPG PART S02 S04 S02 S04
284 LA-4 .382 1.37 1.815 459.34 18.726 .0210 .1056 .0086 120.643 14.794
285 S-7 .273 0.4 2.766 379.95 22.710 .0696 .0464 .0308 64.058 63.958
286 S-7 .406 50.60 2.861 401.13 17.975 .0413 .0452 .0182 59.166 35.724
287 HWFET .508 0.52 2.188 307.54 27.948 .0556 .0251 .0231 42 .822 59.121
288 HWFET .431 0.43 2.333 330.50 26.050 .0531 .0263 .0231 41 .807 55.061
289 S-7 .505 0.71 2.976 373.75 23.012 .0453 ' .0436 .0190 61.208 40.105
290 S-7 .359 0.65 3.389 389.38 22.125 .0346 .0486 .0150 65.590 30.382
305 LA-4 .493 1.21 2.437 454 .07 18.934 .0343 .1002 .0138 115.858 23.97
306 S-7 .294 0.54 2.849 378.57 22.776 .0448 .0379 .0196 52.592 40.798
307 S-7 .281 g.64 2.958 395.53 21.797 .0313 .0423 .0157 56.199 31.347
308 HWFET .367 0.35 2.462 350.02 24.628 .0595 .0170 L0271 - 25.529 61.037
309 HWFET .819 0.46 2.547 350.12 24.511 .0716 .0147 .0324 22.048 73.004
310 S-7 .357 0.50 3.024 396.76 21.728 .0724 .0464 .0130 61.429 25.870
3N S-7 .34 0.64 3.067 395.13 21.808 .0650 .0321 .0301 42.714 60.063



'1975 Ford Maverick VID No. 6X92F118023 tSL‘L

% Fuel S Conv. to

Run no. Type HC co NOX co2 MPG PART s02 S04 $02 S04
5303 FTP .397 2.902 1.662 - 565.8 15.2 .0134 .042 .0038 38.5 2.3
5304 S-7 .186 .600 1.684 429.1 20.2 .0534 .045 .0261 : 54.9 21.2
5305 S-7 .159 .599 1.579 411.2 21.1 .0498 .057 .0241 72.2 20.4
5307 FET .516 .879 1.667 378.8 22.8 .0803 .045 .0391 61.6 35.7
5308 FET 173 .275 1.585 360.0 241 .0943 .053 .0434 76.8 41.9
5309 S-7 .168 .182 1.058 430.2 20.2 0772 .050 .0368 61.0 29.9
5310 5-7 179 .385 1.548 412.6 21.0 .0479 .060 .0238 75.9 20.1
5318 FTpP .376 1.851 1.656 547.6 15.8 .0350 .051 .0164 48.6 10.4
5319 S-7 .193 .804 1.679 413.2 21.0 .0843 .031 .0407 39.2 34.3
5320 S-7 .188 1.261 1.456 497.3 17.4 .0800 .068 .0399 71.6 28.0
5321 FET .307 912 1.693 401.3 21.6 .0960 .045 0478 58.4 41.4
5322 FET .135 .434 1.496 363.9 23.8 .0974 .054 .0484 77 .1 46.1
5323 S-7 .205 1.043 1.511 423.2 20.5 .0807 .039 .0395 48.1 32.5
5324 S-7 170 .603 1.561 440.0 19.7 .0943 .058 .0475 69.0 37.7



1976 Ford Maverick VID No. 6X91F117980 NG

DATA SUMMARY

GR/MILE % Fuel S Conv. to

Run no.  Type HC co NOX €02 MPG PART 502 S04 $02 - 508
5283 FTP .559 2.919 1.511 587.1 14.7 .0203 -.ora .0069 17.7 4.1
5284 5-7 .249 .599 1.485 448.2 19.3 .0824 .026 .0377 30.2 29.2
5285 §-7 .195 .399 1.642 456.1 19.0 .0465 .019 .0213 21.8 16.3
5286 FET .395 .746 1.625 417.8 20.7 .0680 .024 .0307 30.0 25.6
5287 FET 143 417 1.606 395.9 21.9 .0675 .030 .0318 39.5 27.9
5288 S-7 .212 .399 1.791 464.9 18.7 .0686 .017 .0317 19.1 23.7
5289 -7 .194 .399 1.691 436.9. 19.9 .0708 .017 .0317 20.5 25.5
5297 - FTP .499 2.155 1.869 574.2 15.0 .0418 .028 .0190 25.2 11.4
5291 S-7 .241 .821 1.665 459.0 18.9 .0673 .014 .0297 15.9 22.5
5292 §-7 .214 .601 1.663 458.5 18.9 .0471 S 014 .0218 15.9 16.5
5293 FET .203 .865 1.570 384.6 22.5 .0760 .017 .0346 23.0 31.2
5294 FET 191 .583 1.667 385.1 22.5 .0747 .026 .0342 36.1 30.8
5295 S-7 .222 .399 1.758 465.2 18.6 .1087 019 .0497 21.3 37.2
5296 S-7 .263 1.054 2.172 578.3 15.0 .0721 .019 .0272 17.1 16.3



SULFATE PROJECT
VERICLE ID 3 H3OR&J1I0401

TEST TEST ANAL H2504 SO2 % FUFL SULFUR THISSIONS
NO, 0ATE DATE ODOM MG/MI MG/MI S04 S02 RECOV DRV ANal HC co
762871 11-17-75 11-20 11717 0.8 n.3 9.3 CFJ VDC 0.31 4,58
763000 11-17-75 11-20 11726 0.8 0.6 0.4 LSJ ¥DC 0,12 3.53
763064 11-17-75 11-20 11739 2.1 1.2 1.2 1LSJ VDC 0,08 2.94
763065 11-17-75 11-20 11752 1,0 046 0.6 VDC LSJ 0.03 1,89
£ 763066 11=17-75 11-20 11762 0.9 0.5 0.5 VDC LSJ 0.06 3.19
763067 11-17-75 11-20 11775 0.7 0.4 0.4 VDC LSJ 0.10 4.05
763087 11-18-75 11-20 11789 0.8 0.3 0.3 JSH EMM 0,39 5.11
763088 11-18-75 11-20 11800 1.0 n.6 0.6 JUSH FMM 0,10 2.98
763089 11-18-75 11-20 11813 0.8 1.5 9.5 JSH JSH 0.10 3.51
763090 11-18-75 11-20 11827 1,1 0.7 0.7 EMM JSH 0.06 1.84
763091 11-18-75 11-20 11837 0,7 046 0.4 EMM JSH 0.09 2.54
763092 11-18-75 11~20 11850 0.7 8.4 0.6 EMU JSH 0.09 2.84

NOTE:

This vehicle IV 3 on Table 6. This vehicle is in the 5000 1b inertia weight class and has
This system is designed to meet standards of 0.4, 3.4, and 0.4 gpm of HC, CO, and NO, .

(G/
cn2

741

573
553
512
558
567
709

555
S12
499

543
547

a 400 CID engine and a

CAPRICE

ML)
NOX

2.05

G.71
0.69
Ne45
0.77
0.77
0.85

Q.46
V.75
0.72

MES

11.A RC
1.C

15.2 RC
15.9 RC
17.2 RC
15.7 RC
15.5 RC
12.6 KRC

LC

15.9 &
LC

17.1 RC
e
17.7 RC
16.2 RC
16.1 RC

Cooling - Three fans in front of the vehicle and another fam on the passenger side blowing across the vehicle.

Preconditioning - 1000 miles of modified AMA driving with a fuel of 0.03% sulfur just before testing.

The test fuel was 0.03%Z sulfur.

14:06234 DEC 22y 1975

COMMENTS
(TEST TYPE)

S401~-75-100
WET BULB IS AN EDUCATED GUESS BEC
AUSE OF PSYCHROMETER MALFUNCTI
Ru0)=-SC=-100
840)~SC=200
S4nl-HE=-100
8401-~SC=-300
8401~SC=400
S40)1=75-200
] STALL ON BAG 1 VARIAN CHART SP
EFD FAST
A401-SC=500
VARIAN CHART SPEED FAST
A401=SC~600
VARIAN CHART SPEED FAST
9401 -HE=200
6401 ~-SC=700
8401~-SC=-800

three-way catalysé*iut no air pump.

It should be noted that small negative peaks were present in addition to the usual positive.peaks during sulfate analysis. This indicates some
possible interference with the analysis. It is felt that the possible interference is small and that no analysis numbers are reasonably accurate.

3% catacysT HN 217 pe/Rh

G

SULFVRIC AciD EMmissioN
DATA GIWEN ON ENCLosEd GRAPH



SULFATE PROJECT 07:53:33 JAN 20y 1976

VEHICLE ID & N39R4J130401 CAPRICE

TEST  ANAL H2504 502 % FUEL SULFUR EMISSIONS (G/MI¢) _ COMMENTS
7533 DETE DATE ODOM MG/MI MG/MI S04 S02 RECOV DRV ANAL HC CO €02 NOX MPG (TEST TYPE)

-18-7% 12-29 14056 1.6 0.7 0.7 RJB LRH 0,69 7,83 736 D0.87 11.8 RC 5401-75-300
323382 ig-{g-7s 12-29 14067 1.8 1.1 1.1 RUB LRH 0.16 5.31 542 0.80 16,1 RC 8401-5C~900
763503 12-18-75 12-29 14080 1.0 0.6 0.6 RJB LRH 0.15 5.98 S41 0,75 16.1 RC 8401-5C-1000
763504 12-18-T5 12-29 14093 1.9 1.2 1.2 RJB LRH 0,09 2.43 499 0.54 17.6 RC 9401=-HE=300
763505 12-18-75 12-29 14103 2.8 1.7 1.7 PDV LSJ 0.11 3.27 545 0.76 16.1 RC 8401-SC-1100
763506 12-18-75 12-29 14116 0.7 0o 0.4 POV LSJ 0ell 3.41 S41 0.76 16.2 RC 8401-SC-1200
763507 12-19-75 12-29 14130~ 3,5 1.5 1.5 TJC LRH 039 4.67 736 0.92 11,9 RC 5401=75-400
763508 12-19-T5 12-29 14161 1.5 0.9 0.9 TJC TJC 0.13 3.70 552 0.85 15.9 RC 8401-5C-1300
763509 12-19-75 12-29 14154 0.6 0eb 0.4 LSJ TJC 0.12 3.34 551 0.81 15.% RC 8401-5C~1400
763510 12-19-75 12-29 14168 1.8 142 142 LSJ TJC 0.08 2.44 495 0457 17.8 RC 9401-HE=-400
763511 12-19-T5 12-29 14178 1.2 0.7 0.7 LRH TJC 0.11 3,11 543 D0.81 1642 RC 8401-SC~1500
763512 12-19-75 12-29 14191 2.0 1.2 142 LSJ TJC 0.12 3.57 551 0480 15.9 RC 8401-SC-1600

NOTE:

This is vehicle IV 3 on Table 6. This vehicle is in the 5000 1b. inertia weight class and has a 400 CID engine and a three-way platinum and .
Rhodium catalyst (HN2217) but no air pump. This system is designed to meet standards of 0.4, 3.4, and)0.4 GPM of HC, CO, and Nox.

Cooling-three fans in front of the vehicle and another fan on the passenger side blowing across the vehicle.

Preconditioning: 1,000 miles of modified AMA driving with a fuel of 0.03% sulfur, then about 150 miles of dynamometer testing with the
0.03% sulfur fuel, and finally 1,000 miles of standard AMA driving again with the 0.03% sulfur fuel.

The test fuel -was algo 0.05% sulfur.

It should be noted that small negative peaks were present in addition to the usual positive peaks during sulfate analysis. This indicates
some interferance with the analysis. It is felt that the possible interference 1is small and that the analysis numbers are reasonaly accurate

GM Sulfuric Acid Fmissiop Data given on enclosed graph.



SULFATE PROJECT 11:03:25 DEC 16, 1975

VEHICLE 1D : P41GSF172407 VALTANT
TEST TEST ANAL H2S04 S02 % FUEL SULFUR EMISSIONS (G/MI,) COMMENTS
NO,. DATE DATE ODOM MG/MI MG/MI 504 S02 RECOV DRV ANAL HC co CO02 NOX MPG (TEST TYPE)

762269 9-17-75 - 1808 LSJ CFJU 0.98 13,08 729 3.23 11.8 RC 5407-75~100

762270 9-17-7% - 1819 LSJ CFJ 0.56 3.85 S12 3,05 17.1 RC 8407~5C-100

762271 9-l7f75 - 1832 LSJ CFJ 0454 3,73 S03 2.90 17.4 RC 8407-SC=200

762272 9-17=75 - 1845 LSJ CFJ 0.64 2,65 435 3,58 20,1 RC 9407-HE=100

LC RAN OUT OF SAMPLE- INSTR
UMENTS NOT STABLIZED

762273 9-17-75 - 1856 LSJ CFJ 0.55 3.68 S03 2.91 17.4 RC 8407-SC-300

762274 9-17-75 - 1869 LSJ CFJ 0,55 3.84 516 3,12 16.9 RC 8407-SC=400

762291 9-18-7% - 1884 LSJ CFJ 0484 11,56 718 2,19 12,0 RC 5407-75<200

LC 1RST BAGS SHUT LATE 1E T
HEY ARE OVERTIME

762292 9-18-7% - 1895 LSJ CFJ 0,46 3,60 499 2.80 17.5 RC 8407-SC-500

762293 9-18-75% - 1909 CFJ LSJ 0.49 3,95 494 2,79 17.7 RC 8407-SC=600

762294 9-18=75 - 1922 CFJ LSJ 0.62 2.56 413 3,51 21.2 RC 9407-HE-200

762295 9-18-75 - 1932 LSJ CFJ 0,50 3.63 485 2.76 18,0 RC 8407-SC~700

762296 9-18-75% - 1946 LSJ CFJ 0,47 3.64 471 3.10 18.6 RC 8407-SC-800

NOTE: - -

This is vehicle I 4 on Table 6, a production 1975 non-catalyst vgﬁicle with air pump. The vehicle is in the 4000 1b. inertia weight class with a 318
CID Engine

Preconditioning - ECTD, TAEB testing
0.03%Z sulfur in test fuel

No sulfate numbers are being reported for this car. In addition to the usual positive peak obtained in
sulfate analysis, a large negative peak was also noted. Negative peaks indicate some substance (such as
lead compounds from previous use of leaded fuel in the vehicle) may be present which interferes with the
analysis. ' The numbers obtained from the analysis may not be accurate. It should be noted that the
sulfate peaks were sufficiently small to suggest little sulfate was present (less than 5 mgpm).



SULFATE PROJECT 12:57:36 DEC 164 1975

VEHICLE ID ¢ 6X92F118030 MAVERICK
TEST TEST ANAL H2504 502 % FUEL SULFUR EMISSIONS (G/MIg) COMMENTS
NO. DATE DATE ODOM MG/MI MG/MI S04 S02 RECOV DRV ANAL HC co C02 NOX MPG (TEST TYPE)
762479 10- 6=-75 10-08 1209 4,5 245 2.5 CAS CFJ 0.58 3.92 637 1.54 14.4 RC 5030-75-100
762480 10- 6-75 10-08 1220 10,1 7.3 7.3 CAS CFJ 0.28 0.90 500 1.60 18,6 RC 8030~SC-100
762481 10- 6-75 10-08 1233 9.6 Aol 6.7 CFJ LRH 0427 1.10 509 1.70 18.2 RC 8030-5C-200
762482 10- 6-7S 10-08 1246 11,2 Be0 Be0 CFJ CAS 0423 1430 502 1.92 1845 RC 9030-nE=-100
762483 10~ 6-75 10-08 1259 13.4 9.9 9.9 LRH CAS 0,26 1l.l1 486 1.57 19.1 KC 8030-SC~300
762484 10~ 6-75 10-08 1273 18.1 13.2 13.2 LRH CAS 0.26 Ue94 491 1.58 18,9 RC 8030-5C-400
762511 10- 7-75 10-08 1298 4,0 2.2 242 LRH CAS 0,51 2.22 744 1.69 12.4 RC 5030-75-200
762512 10- 7-75 10-08 1312 24.8 18.2 18,2 LRH CFJ N.28 0,57 488 1.68 19.0 RC 8030-SC-500
762513 10- 7-75 10-08 1325 23.7 17.6 17.6 CAS CFJ 0428 0.86 482 1.63 19,2 RC 8030~SC=600
762514 10- 7-75 10-08 1338 ?24.9 2041 20e1 CAS CFJ 0423 (.64 444 1,83 20.9 RC 9030-HE=200
762515 10- 7-75 10-08 1348 27.6 203 2043 CFJ LRH 0429 0.72 487 1.76 19,0 RC 8030-SC~-700
762516 10~ 7-75 10-08 1361 31.0 2246 22+.6 CFJ CAS 0.28 (0.71 490 1.78 18,9 RC 8030~-5C~3800
762517 10- 7-75 10-08 1374 38,1 2R.0 28.0 LRH CAS 0.27 0.63 488 1.75 19.0 RC 8030-SC-S00
762518 10- 7-75 10-08R 1388 38.8 2R.5 28¢5 LRH CFJ 0.28 0.6]1 489 1.80 19,0 RC 8030~-SC-1000
762519 10~ 7-75 10~-08 1401 35.5 2640 26.0 CAS CFJ 0.28 0.85 490 1.76 18.9 RC 8030~SC-1100
762520 10- 7-75 10-08 1l4l4 39.0 29.0 29.0 CAS LRH 0.28 0.68 484 1476 19.2 RC 8030-5C-1200
762521 10- 7-75 10-08 1427 36.9 2742 27+.2 CFJ LRH 0429 0491 488 1.72 19.0 RC 8030-SC-1300
762522 10- 7-75 10-08 1440 43,1 31.9 319 CFJ LRH 0429 0483 486 1,72 19,1 RC 8030-5C-1400
762808 10-31-75 11~-11 1452 6.2 3.4 3.4 CAS CFJ 0.55 4.31 602 1.86 15,3 RC 5030-75-300
762809 10-31-75 11-11 1465 20.4 15.0 15.0 PAL CFJ 0.29 0456 473 1.94 19,6 RC 8030-SC~1500
762810 10-31-75 11-11 1478 21.7 16.3 16.3 PAL CFJ 0427 Q.46 462 1.85 20.1 KC 8030-5C-1600
762811 10-31-75 11-11 1491 27.5 2343 23.3 PAL CFJ 0.22 0,45 440 1.98 21.1 RC 9030-HE=300
762812 10-31-75 11-11 1501 28.1 20e7 2047 PAL CFJ 0.27 0447 472 1.90 19.7 RC 8030-5C-1700
762813 10-31-75 11-11 1514 24.3 1R.2 18,2 CAS CFJ 0.29 0.85 463 1.84 20,0 RC 8030-5SC-1800

NOTE:

This is vehicle II A 4 of Table 6. The vehicle is a 1976 production vehicle in the 35001b. inertia weight class with a 302 CID engine,
monolithic catalyst, and air pump and is designed to meet standards of 1.5, 15.0, and 3.1 GPM HC, CO, and NOyx. The catalyst is of
platinum and palladium and 48 cubic inches in size.

Cooling- one fan infront of vehicle and one fan at the passenger side of vehicle blowing across under the rear of the vehicle.

Preconditioning - 500 miles of modified AMA with 0.03% sulfur fuel.

0.037% sulfur in test fuel.



SULFATE PROJFCT 10:53:14 DEC 16+ 1975

VEHICLE 10 ¢ ARA4G-11316) LTD LANDAU
TEST TEST ANAL H2S04 SO2 % FUFL SULFUR FMISSIONS (G/M],) COMMENTS
NO, DATE DATF  ODOM MG/MI MG/M] sS04 SN2 .RECOV DRV aNMAL HC co C02 NOX MP G (TEST TYPE)
762572 10-14-75 10-22 1214 0.0 Geb 0,0 CAS CFJ 0,76 5,95 671 3.20 13,0 KC 5161-75-100
LC FALSE START ON BAG 1
762579 10~14-75 10-22 1225 2.4 146 Job CAS CFJ Ne23 1,19 S06 2.65 17.4 RC B161-S5C=100
762580 10-14-75 10-23 1238 2.8 1.8 1.8 CAS CF) n,23 1,12 S08 2.62 17.4 RC B1&£1-SC-200
762581 10-14-75 10-22 1251 6,0 4,2 4,2 CAS CFJ D418 0430 471 2.R7 18,8 RC 9161-HE-100
762582 10-14=75"10-22 1261 10,7 7.1 7.1 CAS CFJ 0,22 0,88 501 2.79 17,6 RC 81A1-$C=300
762583 10-14-75 10-23 1275 10,7 7.0 7.0 CAS CFJ 0,22 0,86 507 2.80 17,4 RC 8161-5C-400
762595 10-15=-75 10-23 1301 9,3 5.0 5.0 LRH CAS D.40 5,28 6Al6 3.56 14.2 RC 5161-75-200
LC BAG #3 ONLY OF FTP
762596 10-15-75 10-23 1314 4,9 13.4 13.4 LPHY CAS N,20 1.66 472 2,83 18,7 RC B161-SC=500
762597 10=15-75 10-23 1328 19.2 13.7 13.7 CAS CFJ N,19 0.93 466 2.79 19,0 RC B161-SC-600
- 762598 10-15-75 10-23 1341 10,0 Tt 7.6 CAS LRH N.16 0439 449 2,97 19,7 RC 9161-HE=-200
762599 10-15-75 10-23 1354 17,5 17.4 12.4 CFJ LRH 0,19 1,12 466 2.74 18,9 RC 8161-5C-700
762600 10-15-75 10-23 1367 10.9 7.7 7.7 CFJ LPH 0,19 1,36 6470 2.77 18.8 RC 8161-SC-800

762620 10-16-75 - 1378 - CAS 1 RH 0.38  2.97 659 3.62 13.3 KC $5161-75-300

NOTE:
This is vehicle II A 6 of Table 6. This vehicle is a 1976 production vehicle in the 5000 1b. inertia weight class with a 351 CID éngine, a
‘monoblithic catalyst, and an air pump. This system is designed to meet standards of 1.5, 15.0, and 3.1 gpm of HC, CO, and NO, . The catalyst is
88 cubic inches and contains Platinum and Palladium.
Cooling ~ Two fans in front of the vehicle and another one on the passenger side towards the rear of the vehicle.
Preconditioning - 500 miles of customer driving on fuel of unknown sulfur level then 500 miles of modified AMA with fuel of 0.03% sulfur.

The test fuel was also 0.03% sulfur.

It should be noted that small negative peaks were present during sulfate analysis in addition to the usual positive peaks. This indicates some
possible interference with the analysis. It is felt that the possible interference is small and that the analysis numbers are reasonably accurate.



SULFATE PROJECT 14:11:39 DEC 22, 1975

VEHICLE ID : 36377T6M157541 CUTLASS
TEST TEST ANAL H2S04 S02 % FUEL SULFUR EMISSIONS (G/MI,) COMMENTS
NO. DATE DATE ODOM MG/MI MG/MI SN4 S02 RECOV DRV ANAL HC co CQ02 NOX MPG (TEST TYPE)

763186 11-24-75 12-01 4762 1.3 NS 0.5 LSJ LRH 0460 1,75 785 1,21 11.2 RC 5541=-75-300

LC 1 STALLs CAR SEEMS TO MISFIRE, BA

. G 1 READ OM TRAIN 15-CONVERTED

763187 11-24=-75 12-01 4773 14,3 7.8 7.8 LSJ LRH 0.11 0436 591 1.51 15.0 PC 8541-5C-900
763188 11-24-75 12-01 4786 17,2 9.5 9.5 LSJ LRH 0,10 0.34 584 1,42 15,2 RC B541-SC~1000
763189 11-24=75 12-01 4796 31,2 19.2 19.2 LSYU LRH 0,07 0,11 5S21 1.52 17.0 RC 9541-HE~300
763190 11-24-75 12-01 4806 23,7 12.9 12.9 LSJ LRH 0.10 0,33 S91 1,38 15.0 RC 8541-5C-1100
763191 11-24-75 12-01 4819 22,3 122 12.2 CAS LRH 0.,)0 0.4 586 1.34 15.1 RC R541-5C~1200
763206 11=-25-7% 12-01 48137 3.5 1.3 143 USH LRH 0462 1.72 799 1.20 11.0 RC 5541-75-400

LC SECOND COUNTER HANG=UP, SEC FOR F

IRST TWO BAGS ESTIMATED

763207 11-25-75 12-01 4848 26,7 15.2 15.2 USH LLRH N.12 0.34 564 1,31 15,7 RC RA541~5C-1300
763208 11-25-75 12-01 4861 21.7 11.7 11.7 USH LRH 0.10 0,43 599 1,43 14.8 RC 854]1-SC-1400
763209 11-25-75 12~-01 4874 36,2 23.0 2340 JUSH LRH 04,07 0,05 S07 1.66 17.5 RC 954]1-HE-40N
763210 11-25-75 12-01 4885 29,4 1642 16.2 LRH JSH 0,09 0,46 583 1,45 15,2 RC B54]1=SC-1500
763211 11-25-75 12-01 4898 32,9 17.5 17.5 JSH LRH 0.10 0.29 601 1.2% 14,7 RC R8541-SC-1600

NOTE:

This is vehicle II B 5 of Table 6. This vehicle is in the 4500 1b. inertia weight class equipped with a 455 CID engine and a 260
cubic inch pelleted catalyst.S But even with no air pump, the oxygen level in the exhaust before the catalyst is approximately 5.0%Z according
to GM data. -

This system is designed to meet standards of 0.9, 9.0, and 2.0 GPM of HC, CO, and NOy.

Cooling - Three fans in front of the vehicle and another fan at the rear wheel blowing across the vehicle from the passenger side.

Preconditioning - 1000 miles of standard AMA driving with an 0.03% sulfur fuel, a little over 100 miles of testing with an 0.03% sulfur fuel and
¢he 1000 miles of modified AM\ driving again with an 0.03% sulfur fuel.

The test fuel was also 0.03% sulfur.

X cataLvsT 005 o3 melle mgtal (ow;,.y

GM SuvLfFuRIC AciD EmtssioN
DATA &IVEN ON ewncLOSED &RAPH



TEST TFST
NO. DATE

763035 11-13-75%

763036 11-13-75
763037 11-13-75
763038 11-13-7%
763039 11-13-75
763040 11-13-7S
763041 11-14-7%
763044 11-14-75
7630642 11-14-75
763043 11-14=-75

NOTE:

ANAL
DATE

11-20

11-2¢0
11-19
11-20
11-20
11-20
11-20
11-20
11-20
11-20

0oDOM
10777

10788
10801
10815
10825
10839
10840
10854
10864
10877

H2504
MG/M]

q—.?

33.7
37.3
43,9
30.5
28,0
10.7
40,0
22.3
27.5

This is vehicle II. B 7 of Table 6.

inch Platinum and Palladium monolithic catalyst, and an air pump.

and NO,.

Cooling - Three fans in front of the vehicle and another fan at the passenger side of the vehicle.

SULFATE PROJECT

VEHTCLE ID : SwWR1F1S50244

So2 % FUEL SULFUR

MG/M] <04 SO?  RECOV DRV
TR 3.8 LSJ
207 20.7 LS
276 22.6 LSJ
23.5 29.5 vDC
1247 1R.7 vDC
17.1 17.1 vDC
S.0 5.0 LSJ
27.0 27.0 LSJ
13.3 13.3 vdC
17.1 17.1 vdDC

EMTSSIONS
ANAL HC co
vDC 0,70 3.99
vbC 0.31 1.16
LSJ 0,79 1,14
LSJ N.25 0.99
LSJ 0,27 1,13
LS. N.?28 1.28
YOC N.60 3.81
VDC Ne?24¢ 1,17
LSY 0.27 1.60
LSS N.29 1,09

GRANADA
(G/MI ;)
€02 NOX
AA2  1.30
523 1.21
530 1.24
478 1.07
523 1.15
527 1.15
684  1.42
492 1.21
539 1,31
S33  1.31

MPG
12.8

16.9
16.7
18.5
16,9
16.8
12.8
18.0
16.4
16.6

14:04:46 DEC 224 1975

COMMENTS
(TEST TYPE)

5244-75-3500
CVS BLOWER RAN DURING 10 MIN SOAK
8244-SC-11700
8244-5C-11800
9244-HE=-2300
8244-SC-11900
8244-SC-12000
5244-75-3600
9244-HE=-2400
8244-5C-12100
8244-5C~12200

This is a 1975 certification vehicle in the 4000 1b inertia weight class with a 302 CID engine, a 47 cubic

This system is designed to meet standards of 0.9, 9.0, and 2.0 gpm of HC, CO,

Preconditioning - 4000 miles of AMA with a fuel of 0.01% sulfur, then about 6000 miles of dynamometer testing and AMA driving with an 0.03% sulfur

fuel, and finally 500 miles of modified AMA again with a fuel of 0.03% sulfur.

The test fuel was also 0.03% sulfur.



TEST TEST ANAL.

NO. DATE DATF
762815 11- 3-75 11-11
762816 11=- 3-75 11-1?
762”17 11- 3~-75 11-172
762818 11- 3=75 11-17
762819 11- 3-75 11-11
762820 11=- 3=75 11-12
I62R40 11~ 4~75 11=-17
762841 11= 4=75 11-1R
762842 11- 4-75 11-149
762843 11- 4~=-75 11-18
762844 11~ 4=75 11-17
762845 11=- 4=75 11-19
NOTE:

This is vehicle IT B 5

catalyst, but no air pump.

onoM
2415

2426
2439
2453
24673
2476
2490

2501
2515
2528
2539
7583

H2504
MG/M]

2.7

16.8
16.6
34,5
2l.4
29.7

1.1

37,3
39.1
55,4
41,9
29.5

S02
MG/#M]

%

S04

Q.a
9.5
23.2
17.3
17.1
Nets

21.1
225
3F .8
2648
15

SULFATFE PROJECT
P3637T6MISTRA)

VEHICLE ID

FUEL SULFUR
S0?  RECOV

DRV
RJH

RJR
RJR
FMm
F MM
EMM
LSJ

LSJ
LSJ
LSJ
LSJ
LSJ

ANA
LR
LRH

CFJ
CFJ

CFY

CFJ
vDC

vDhC
vDC
vDC
vDC
vDC

EMTSSIONS
L HC co
N.,41 1,59
N.05 (.60
0,07 0,78
0.04 0,01
0.07 0,33
0eG6 0,23
0,68 1,57
0,07 0,18
0.05 0.22
0.06 0,07
0.06 0.22
N.05 0.24

(G/

coz’

718

574
562
479
562
559
755

570
557
483
545
575

CUTLASS

MI.)
MOX

1.23

1.43
l.42
1.40
1.62-
1.53
1.25

1.62
1.36
1.47
1.36
1.34

MP G
12.3

15.4
15.8
18,5
15,8
15,9
11.7

15,6
15.9
18.3
16,3
15.4

09:2n:35

DEC 2, 1975

COMMENTS
(TEST TYPE)

5541-75-100

LC ONE FALSE

8541-5C~100
8541-SC~200
9S41-HE-100
8541-5C-300
8%41-SC=-400
5541-75-200

LC 1
8541-SC-500
8541=-SC-600
9541-HE=~200
A541-SC-700
8541-5C~800

START

FALSE START ON BAG 1

of Table 6. This vehicle is in the 4500 1lb. inertia weight céiss with a 455 CID enigne, a 260 cubic inch pelleted
Oxygen in the exhaust beffore the catalyst is approximately 5.0% according to GM data. This system is designed
to meet standards of 0.9, 9.0, and 2.0 GPM of HC, CO, and NOx.

Cooling -~ two fans in front of the vehicle and another fan blowing across the vehicle from the passenger side.

Preconditonbﬁﬁlooo miles of standard AMA with a fuel of 0.03% sulfur j§ﬁt before testing.

The test fuel was 0.037% sulfur

GM svLruRiC AcCID EmissioN OATA
&IveEN ON ENcLoSs €D GRAPH



SULFATE PRAJFCT 09:59:06 JAM 13, 1974

VFHTCLE ID : 4V39TGH4?2TN36 ~ ELECTRA 225
TEST TFST ANA} H2sn4  S02 % FUFL SULFUR EMTSSIONS (G/MT,) COMMENTS
NO. NATE NATF  ODOM MG/MT MG/MI S04 SN2 RFECNHV NPV aNaL HE CO €02 NOX  MPR (TEST TYPE)
763350 12-11-75 12-23 11759 1.1 Ne& 0.4 ILSJ CF.) 0,57 10,47 BA22 1.03 10,6 RPC SN36-75-100
763402 12-11-75 12=-28 11770 12.8 fel .4 ILSY IRH D12 5,09 ARA  N.08 13,2 RC AN3A-5C-100
763414 172-11-75 12-25 11783 4,2 2ol 2.1 CFJLRH 0,12 6,14 665 0,95 13,1 RC PO3GE-S5C=-20N0
763415 12-11-7% 12-2% 11797 8.1 4.3 4,3 CFJ ILRH NN 3,34 618 0.91 14,2 RC 9036-HFE=-100
763416 12-11-75 12-75 11807 3.1 1.6 1.6 LPH LSJ N1l 4,15 &0 0.92 13,3 RC AN36=-SC-300

LC TIME QETWFEM CYCLFS S MIN - 10-SFE
r

763417 12-11-7% 12-25 11829 4,0 ?e0 2,0 LPH LSJ 0,11 4,35 A58 0,92 13.1 PC RQ036=SC-400
763429 12-1?7-75 12-75 11835 1.9 ne7 Ne7 LSJ ILRHY N,57 11,03 RIS 1.07 10,6 RC S5036=-75-200
763430 12-12-75 12-2% 11846 10.1 Sel S.1 LSJ 1.SJ 0,07 4,63 A4R 0,09A 13,5 RC R1I6-SC=50n
7636431 12-12-75 12-24 11859 2.R 1eb lo6o CFJ 1LSJ NaNT  5,9R £54 0.R9 13.4 PC ANRG=-SC~600
763432 12-~12-7% 12-724 11872 9.4 S.0 S.0 CFJ CFJ N.0A 4,40 Al4 0.R? 14,3 RPC 9036-HE-200
763433 12=-12-75 12-24 11882 3.7 1.9 1.9 LLPH CFJ n,0Q 5,90 K51 0.84 13.4 FPC RAN3A~SC-700
763434 12-12~75 12-24 11895 3.R 1.9 1.9 CAS F) n,11 5,26 663 0.95 13,2 RC RN36-SC-R00

NOTE:

This is vehicle II. B. 9 of Table 6. This vehicle is a 1975 certification vehicle in the 5500 1b. inertia weight class with a 455 CID engine.
The vehicle has a 260 cubic inch pelleted catalyst but no air pump. This system is designed to meet standards of 0.9, 9.0, and 2.0 gpm of HC, CO,

and NOx. This vehicle is car 5451 also tested at GM for sulfuric acid emissions. The GM tests showed sulfuric acid emissions with 0.03% fuel
sulfur of about 2 mgpm over the FET, FTP, and 60 mph.

Cooling - Three fans in front of the vehicle and another fan at the passenger side of the vehicle.
Preconditioning - 750 miles of modified AMA driving with a fuel of 0.03% sulfur content. The test fuel was 0.03% sulfur.

It should be noted that small negative peaks were present during sulfate analysis in addition to the usual positive peaks. This indicates some
possible interference with the analysis. It is felt that the possible interference is small and that the analysis numbers are reasonably accurate.



SULFATE PROJECY 14332247 DEC 22y 1975

VEHICLE ID ¢ C29HS1410190 MaLIBU
TEST TEST ANAL H2504 SO2 % FUEL SULFUR EMISSIONS (G/MI.) COMMENTS
NO. DATE DATE ODOM MG/MI MG/MI S04 S02 RECOV DRV ANAL HC co €02 NOX MPG (TEST TYPE)
763148 11-20-75 11=25 53450 8.7 3.5 3.5 LSJ JSH 0.39 2.36 797 1.56 11.1 RC 5190-75~100
763149 11-20-75 11=-25 53461 78,9 G424 42,4 LLSJ JSH N.12 0.23 598 1,64 14,8 RC 8190~-SC-100
763150 11=-20-75 11-25 53474 60.7 33.0 33,0 LSJ LSJ 0.12 0.21 593 1.66 15.0 RC &190-SC=-200
763151 11-20-75 11-25 53488 65.3 39.6 39.6 JSH LSJ 0,09 0.18 S30 1.61 16,7 RC 9190-HE=~100
763152 11=-20=-75 11-25 53498 64.8 35.8 358 JSH LSJ 0,15 0,21 584 1,66 15,2 RC 8190~-SC~-300
763153 11-20=-75 11-25 53511 62.1 . 34.1 34,1 JSH LSJ 0.16 0.21 6588 1,63 15,1 RC 8190~-SC-400
763157 11-21-75 11-25 53524 8.5 3.6 3.6 LSJ CAS 0.43 2.01 751 1.44 11.7 RC 5190-75-200
LC WEY BULB MAY NOT BE ACCURATE BECA
USFE OF 30CK ON PSYCHROMETER
763158 11-21-75 11-25 53535 78.5 42.1 42,1 LSJ JUSH 0,12 0,22 599 1.64 14.8 RC 8190-SC~500
763159 11-21~75 11-25 53548 68.7 37.1 37.1 LSU JUSH 0412 0422 S95 1.67 14.9 RC 8190~SC~-600
763160 11-21-75 12-01 53561 68,4 45.0 45,0 JSH LSJ 0.07 0,18 491 1,52 18.1 RC 9190-HE=200
763161 11-21-75 12-01 53571 71.°2 40.3 4043 JSH LSJ 0.10 0.20 G568 1,40 15.6 RC 8190-SC-700
763162 11-21=-75 12-01 53584 72.0 39.2 39.2 JSH LSJ 0.16 0,24 591 1,60 15,0 RC 5190-SC-800

NOTE:

This is vehicle II. C. 1 of Table 6. This vehicle is in the 4500 1b. inertia weight class equipped with a 400 CID engine, a 260 cubic inch
pelleted catalystf‘and an air pump. The vehicle is designed to meet standards of 0.4, 3.4, and 2.0 gpm of HC, CO, and NOy.

Cooling - Three fans in front of the vehicle and another one at the passenger side blowing across the vehicle.
Preconditioning - 1000 miles of modified AMA driving with an 0.03% sulfur fuel just prior to testing.

X cpra¥sT 52 PL/PA 0.05 22 NOBLE METaL LOADING
[ 4 ('

M SULFURLIC Acip gmiSsioN DATA
GIVEN oN ENCLbSED GRAPH



SULFATF PROJFCT 14222:30. JAN 16, 1976

VEHTICLE ID : 77204 VENTURA
TEST TEST ANAL H2504 SO2 % FUFL SULFuR EMISSIONS (G/M1,) COMMENTS
NO. DATE DATE ODOM MG/MI MG/MI S04 S02 RECOV DRV ANAL HC co CN2 NOX MPG (TEST TYPE)
763305 12- 8-75 -~ 65298 - - -~ LSJ LRH 0,37 3,94 THT7 1426 11,5 RC S2064-75-400
LC 15 SEC CRANK 1 STALL ON BAG )
763332 12- R-75 12-12 65309 35.0 19.1 19,1 LSJ LSY 0,03 0.16 593 1.27 15,0 RC R204=-5C-900
763333 12- 8-75 12-12 65322 32.7 17.8 17.8 CAS LSJ N.04 0,42 592 14724 15.0 RC 8204-SC-1000
763334 12- R=-75 12~12 65332 49.6 29.0 29.0 CAS 1LSJ 0.03 0.38 549 1,33 16,1 RC 9204=-HE-300

LC RFV COUNTFR BETWEEN TWO NUMBERS =
7479 OR 7579
763335 12- 8-75 12-12 65342 14.2 7.5 7.5 CAS LRH 0,05 2.34 A03 1,07 14,6 RC A204-5C~1100
763336 12« R~75 12-12 65355 (4.8 2.1 B.1 LRH CAS N,05 2,82 6582 0.96 15.1 FC B204-SC-1200
763351 12- 9-75 12-15 65378 3.2 1.2 1.2 LSJ CAS 0435 4,43 790 1,27 11.1 RPC 5204=-75-500
LC 3 FALSE STARTS ON BAG 1=-PUMPEN AC
CEL HEFCRE EACH

763352 12- 9-75 12~15 65389 29.7 15.5 15.5 LSJ LLSJ 0,04 0,20 615 1.31 16,4 RC A204=-SC~1300
763353 12~ 9-75 12-15 65402 40,5 216 21.6 LBH LSY 0,02 0.06 €04 1,27 14.7 RC B204-SC-1400
763354 12- 9-75 12-15 65416 97,0 5442 54.2 LRH LRH 6401 0402 577 1430 1%5.4 RC 9204-HE=400
763355 12~ 9-75 12-15 65426 40.6 215 21.5 CAS LRH 9,03 0,30 607 1.27 14.5 RC R204~-SC~1500
763356 12- 9=-75 1272-15 65439 49,3 2he3 Phe3 LRH CAS N,03 0,27 601 1723 14,7 RC 5204=SC~1600
NOTE:

This is vefjitle II C 2 of Table 6. This vehicle is in the 4000 1b inertia weight class and has a 350 CID engine, a 260 cubic inch
pelleted catalsyt, and an air pump. This system is designed to meet standards of 0.4, 3.4, and 2.0 gpm of HC, CO, and NOx.

Cooling - three fans in front of the vehicle and another fan on the passenger side blowing across the vehicle.

Preconditioning - 1000 miles of standard AMA driving with an 0.03% sulfur fuel, then about 200 miles of dynomometer testing with
a fuel of 0.03% sulfur content, and then 10000 miles of modified AMA driving with the 0.03% sulfur fuel.

The test fuel was also 0.037 sulfur.

X cavacysr: HWN-247g (PE exct)

GM SVLFURIC AciD EMmiSSION DATA GlUEN
ON EwncLOoSED GRAPH



TEST TEST ANAL
NO., NATE NATF

762903 11-10~75 11-13

762904 11-13-75 11-19
762941 11-13-75 11~19
762942 11-13-75 11-19
762943 11-13-75 11-19
762944 11-13-75 11-19
763028 11-13-75 11-19

763029 11-14-75 11-19

763030 11-14-75 11-19

763031 11-14-75 11-19
763032 11-14~75 11-19
763033 11-14-75 11-19
763034 11-164=-75 11-19

NOTE:

This is vehicle II
catalyst, and an air pump.

Cooling. Two fans

SULLFATFE PRNJECT 14322330 JAN 14, 1976

VEHICLE ID

H2504  S02 % FUFL SIHLFUR
ODOM MG/MI MG/MI S04 S0? RECOV

62756 1.1 De5 0.5

62776 3.0 1.3 1.3
62787 42.1 25.46 25.4
62800 28.7 17.1 - 17,1

62814 44,2 29.5 29.5
62824 12.6 7.3 7.3
62837 9.8 SW7 5.7
62858 0.9 Nels 0.4
672869 9.3 Sels 5.4
62882 21.5 1.9 12.9
A2895 44.4 2.9 2R.9
62905 21.5 12.7 12.7

62318 28.7 17.3 17.3

C2 of Table 6. This vehicle is in the 4000
This system is designed to meet standards

T 77704 VENTURA
FMISSIONS (G/MT,) COMMENTS
DRV ANAL HC co C02 NOX MPG (TEST TYPE)

LSJ CFJ 0454 7,65 759 1,48 11.5 RC 5204-~75-100
LC HARD STARTINGs] FALSE ON RAG 1,8BA
: g : 6G'3 LOST WHEN RADIATOR HOSE RR
LSJ VDC N.28 2.H1 756 1,51 11.7 KC 5204=-75-200
LC LONG CRANK=-1 FALSFE START ON BAG 1
LSJ LSY N.03 0,04 535 1,53 16.6 RC AR204-S5C~100
vDC LSY 0.04 1,37 529 1,19 16,7 RC 8204=SC~200
VDC LSJ 0401 0.69 482 0.98 18.4 RC 9204=HE~-100
LC GASOLINE ODOR IN TEST CELL
VDC VDC =.10 2.48 549 0,92 16,0 RC 8204-SC~=300
. LC GASOLINE ODOR IN TEST CELL
LS VOC -.0A 1,89 547 (.94 16,1 FC 82064-5C~-400
LC GASOLINE ODOR IN TEST CELL
LSJ VDC 0.4h 3.6R 750 169 11,7 RC 5204~75-300
LC 4 STALLS 2 BACKFIRES VIA CARBORA
TOR
LSJ vDC 0D.04 0,07 850 1.53 16.1 RC B204=-5C-500
LC & MiN. IDLE BETWEEN 204=~SC~S00 AN
D 204=-75-300
LSJ VDEC 0.046 0.0R 538 1,48 16,5 RC B204=-SC~-600
VDC LSJ Ne02 0418 496 1.39 17.9 RC 8204-HE-200
VRC 1.SJ N.04 0,35 545 1.52 16,3 RC 8204=-5C-70n
VDC LSJ D04 (.06 534 1,45 16,6 RC B204-SC-E00

1b. inertia weight class and has a 350 CID engine, a 260 cubic inch pellet
of .4, 3.4 and 2.0 gpm of HC, CO and NOy.

in front of the vehicle and another fan on the passenger side blowing across the vehicle.

Preconditioning - 1000 miles of standard AMA driving with an 0.03% sulfur fuel prior to testing.

CATALYST MM 247§ (Pt oncY)
GM SULFURIC A<D Emn_-'ss:'or\) DATA
GIVEn ON ENcLOSED GRAPY



SULFATY P kT 10:03:33  Jan 13, 1976

VEHRTCLFE ID 1 Y AITIMIRAP2] Y OELTSE *8
TEST TEST anNAL H28N4G S0P % FIEL SHLF e FATSSTONG (G/in] ) COMMENTS
NO DATF NATF ONoM MGE/MaT MG/ cNa SN2 RECHY DEV aAMAlL HC i) G2 NOX MEG (TEST TYFE)
763449 12-16=-7% 12-25 G33G69 11,2 442 L4a CAS CF y 07 P oK Fat 1.5% 10,5 wC S213=-75~100
TA3450 12-1A=-75 12-2G¢ 53410 107,72 S7.0 S7ef €28 127 D05 0,15 A32  1.69 14,7 RC 4213-SC-100
763451 172-16-75 - 53423 - - - OFJ Lad 0,0 G4 Rl 16N bl R R2YE3-GC=200
7634582 12-16=75 12-29 53427 1A0.,2 RETY] GAL0 CFJ Cas ¢,07 Tu,nu S8 1,54 16,0 RO SF13=AE=100
763483 12-16-75 12-2Q 53437 74,4 wn R G S ILRes OAS N ,06 0 6,049 H1] lefl 16,5 KO KP213-5C-300
763454 12-16=-75 12-29 534h0 63,9 49,2 45,2 LWs CAS 0,046  9.0a (34 ],6AH a0 M0 RAT3=-5C-400
763472 12=-17-75 12-25 53475 16,7 Gal el LG LRH DLPT 1,95 RIY 1,86 19,5 KO S213=-75=-200
763473 12-17-75 12-29 53486 11R.2 Bl ok fagh LS 1S 06 0,06 AT 1,64 14,4 WO HP13-5C=-500
763474 12-17=-75 12-29 53499 90,7 RN h mitel CAS LS fa04 Golte 597 1,57 la,9 KC B8213~-5C-600
763475 12=17-75 12-79 53513 122.R 73,1 73,1 CaAS lag f,03  (,0R 557 1,45 15,9 FC 9213=-HE~200
763476 12=-17-7% 12-29 53523 Ri.?7 La3,5 4,5 | ke Cag N.0a 0,0 A0S 159 14,7 RC 8213-5C-700

763477 12-17-7% 12-29 53536 100,9 GG .k LGeT | RY CAS 0,04 0,4 AUS 1.9] 14.7 SC R213=-SC-300
NOTE: '

This is vehicle II C 3 of Table 6. “Wis vehicle is in the 5000 1b inertia weight class and is equipped with a 455 CID engine and a 260
cubic inch pelleted catalyst. This vehicle was provided, by GM to CARB. for fleet usage and has gone over 50,000 miles. This car has no air
pump. The oxygen level in the exhaust before the catalsy®is. approximately 3.5% for this vehicle according to GM data. This system is
designed to meet standards of 0.4, 3.4, and 2.0 gpm of HC, CO, and NO,.

Cooling - three fans in front of the vehicle, another fan at the passenger side of the vehicle and still another fan directed at
the gasoline tank blowing from the floor.

Preconditioning - 1000 miles of modified AMA driving with a fuel of 0.03% sulfur just prior to testing.

The test fuel was 0.03% sulfur.

3 c,,,mm_; HN 164 b

6M cULFURIC Ac(D EmissioN
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SULFATE DP‘OJECT 10:05:07 JAN 13, 1976

VEHICLE ID ¢ 3LA9T3M134885 DELTA R8

TESY TEST ANAL H2504 S02 § FUFL SULFUR FMTSSIONS (G/MI1,) COMMENTS

NO. DATE DATE 0ODOM MG/MI MG/MI 504 SN2  RECOV DRV ANAL HC co C02 NOX MPG (TEST TYPE)
763364 12-17-75 12-24 52549 20,7 7.9 7.9 CAS LRH 0,27 0.79 868 1.46 10.2 RC S58R5~75-100
763409 12-1R-75 12-24 52560 R7,2 44,1 46,1 CAS LRH 0,04 0,11 656 1,42 13,5 RC RRB5-SC~-100
763413 12-18-75 12-24 52573 19.7 1.1 10,1 £LSJ CAS 0,85 0,32 649 1,45 13,7 RC BARS-SC=200
763478 12-1R-7S 12-24 52586 18,9 11,9 10,9 LSJ LSJ 0,02 0.41 576 1.30 15,4 RC 9RAS=-HF =100
763479 12-1R=75 12-29 52596 2.9 1.5 1.5 LRH LLSJ 0,11 2.95 648 1.42 13.6 RC 8RA5-SC-30N
763480 12-18=75 12-79 52609 2.2 1.2 1.2 LRH LSJ 0,13 3,50 641 1.43 13,7 RC RHAS=SC=40N
763481 12-1R=75 12-29 5262S 2.5 1.0 1.0 LSJ ILRH 0,36 2,03 882 1,49 10,0 RC 58R5-75-200

LC STALL ON COLD START C02 SPAN DIDN
© 'T-RETURN TO SFT POINT

763482 12-1R-75 12-29 52636 22.8 11.6 11,6 LSJ CFJ 0,03 0,02 652 1.35 13,6 RC BRRS-5C-500
763483 12-1R=-75 12-29 52649 29,3 15.2 15,2 LRH CFJ 0.03 0,02 637 1.39 13,9 RC RARARS=SC=600
763484 12-1R-75 12-79 52662 40.4 22.9 22.9 LRH LSJ N,02 0,18 586 1.23 15.1 RC 9RRS=-HE=-200
763485 12-18-75 12-29 52672 34.8 17.8 17.8 CFJ 1LSJ 0,02 0,08 649 1,43 13,7 RC RRAS=-SC~700
763486 12-1R=75 12-29 52685 135.4 18,3 18,3 CFJ LSy 0,03 0,14 643 1,41 13,8 RC RARS=SC=R0N

NOTE:

This is vehicle II C 4 of Table 6. The vehicle is in the 5000 1lb inertia weight class and is equipped with a 455 CID engine and a 260 cubic inch
pelleted catalyst*, without an air pump. This vehicle was supplied by GM to CARB and has gone 50,000 miles. The oxygen level in the exhaust
before the catalyst is approximately 2.0% according to GM data. The system is designed to meet standard of 0.4, 3.4, and 2.0 gpm of HC, CO, and NO, .

Cooling - Three fans in front of the vehicle, another fan at the passenger side of the vehicle and still another fan directed at the gasoline tank
blowing from the floor.

Preconditioning - 1000 miles of modified AMA driving with a fuel of 0.03% sulfur just prior to testing.

The test fuel was also 0.03% sulfur. * onaTRLy sT Hw 1646
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SHLFATF P2 JeCT 12:02:14 DEC 18, 1975

YFHTCLF 1D @ wHGIGSA202120 CORONFT

TEST TEST ANAL H2504 <02 % FUFL SuLFuR FAMISSTONS (G/MI L) COMMENTS

NO. DATE NDATF  ODOM MG/MI MG/M] <04 SN2 RECHV DRV aNnaL -HC Cu C02 NOX MPG (TEST TYPE)
762R62 11- 4-75 11-12 4717 19.1 241 Be)l LS v Nn37  6.9% 712 1439 12.3 RC 5120-75-100

LC SFCOND BAG SAMPLE WAS LOST
762863 11- 4=75 11-12 4728 1722,.8 At ] ALY LS v D.07% u,i9 697 1.21 14,6 RC 8120-5C-100
762864 11- 64=75 11=-1R 4741 AR3.0 4742 47.2 LSy vihe 0,08 .13 609 1423 14.6 ®C R120-5C-200
762865 11- 4-75 11-12 4754 77.1 411 4lel LSY vDC N 04 D19 &h4a 1416 15,7 RC 9120-HE~100
762866 11- 4-75 11=-18 4764 A7.0 3547 357 LSO VD 0,01 G4l AGS 1e78 la,7 RC R170-SC=-300
762867 11- 4=75 11=-1R 4778 6A2.h 34l 3a.)] LSY vDC DaDa 0,27 591 142% 15.0 RC 8120=-SC=4«00
762877 11- 5-75 11~12 4793 24.6 Q.A SWR LP= OFY ND.43 3,07 A95 1,33 12,7 RC 5120-75-200
LC ONE STALL IN FIRST EXCELL ENGINE
COOLING FAN OFF=BAGS 12

762878 11- 5-75 11-12 4804 114.3 AP0 AZ.72 LR CF I 0,05 (.17 599 1.]17 15,0 RC R120-SC=-500
762879 11~ 5-75 - 45817 - - - CF 3 Cas 0,04 0,12 576 1472 15,4 RC 8120~SC-600
762880 11- 5-75 11=-13 4831 Rl.? 57 .0 5% CFJ Luw+ 0.03 0.2+ 519 1.26 17,1 RC 9120-HE-200
7628R1 11~ 5-75 11-13 4K41 S9,1 33.9 FR,9 CAS LPH 000 G.24 966 14231 15,5 RC 8120-5SC~-700
762882 11- 5-75 11-13 4854 &5,.5 3.6 316 CAS 1R <,0A (0,43 Hrs 1425 15,7 KC #120-5C=800
762883 11- 7-75 11-~1R 4874 32.5 1.7 13.7 1L.SU CF 1 N.26 3,94 741 1.28 12,0 RC 5120-75-300

NOTE:

This is vehicle II. C. 6 of Table 6. This vehicle is a 1976 certification vehicle in the 4500 1b. inertia weight class with a 318 CID engine

and is equipped with a small oval monolithic Platinum catalyst and an air pump. Chrysler states this vehicle should be considered as a prototype

designed to meet 0.4, 3.4, 2.0 gpm of HC, CO, and NO4.
Cooling - Two fans in front of the vehicle and another fan at the back wheel blowing across the vehicle from the passenger side.

Preconditioning - 4100 miles of unknown driving schedule with an unspecified fuel sulfur level, and the 500 miles of modified AMA with a 0.03%
sulfur fuel.

Test fuel was 0.03% sulfur.
Manufacturer's Results: FTP

HC co NO @&Pm
0.26 2.6 1.54



SULFATE PROJECT 12349858 DEC 16, 1975

VEHICLE ID : 4Z63A546553 MARQUIS
TEST TEST ANAL H2S04 SO02 % FUEL SULFUR EMISSIONS (G/MI,) COMMENTS
NOo DAYTE DATE ODOM MG/MI MG/MI S04  S02 RECOV DRV ANAL WC co C02 NOX MPG (TEST TYPE)
762369 9-25-75 10-01 51669 7.9 3.0 3.0 CFJ CAS 0.52 1.21 902 1.19 9.8 RC 5553=75-100
LC 1 FALSE START ON BAG 1 L
ONG CRANK ON HOT START
762370 9-25=-75 10-01 51680 29.2 14.8 14.8 CFJ CAS 0.04 0.0 678 1.20 13.1 RC 5553-5C-100
762371 9-25=75 10-01 51694 29,6 15.0 15.0 LRH CFJ 0.046 0,02 679 1.18 13,1 RC 5553~5C=-200
762372 9-25-75 10-01 S1707 37,3 20.8 2048 LRH CFJ 0.02 0,01 €15 1.05 14,4 RC 9553-HE=100
762373 9-25=75 10-01 S1717 30,5 156.5 15.5 LRH CFJ 0,06 0,02 676 1,17 13,1 RC 8553=5C=300
762374 9-25=75 10-01 S1730 33,8 17.8 17.8 CAS LRH 0.03 0.06 652 1.15 13,6 RC 8553=SC=400
762381 9-26=75 10-01 51743 6,7 206 2.6 CAS CFJ 0.25 1l.14 895 1.19 9.9 RC 5553-75-200
LC VEHICLE STARTS HARD 12 S
£C CRANK
762382 9-26=75 10-01 S1756 25.2 13,1 13,1 CAS CFJ 0.03 0.0 663 1.11 13,4 RC 8553=SC=500
762383 9-25=75 10-01 51770 37.3 18.3 18,3 CAS JUSH 0.03 0.0 701 1,08 12,7 RC B553=5C=600

LC COOLING FANS WERE OFF DU
RING YEST FOR 1 MIN, BLO
WN BREAKER CAUSE

762384 9-26~-75 10-01 51783 33.1 20.1 20.1 CFJ JSH 0,02 0.0 565 1,04 15,7 RC 9553-HE-200
762385 9-26-75% 10-01 51793 30.8 1663 16,3 CFJ JUSH 0.03 0,0 648 1,09 13.7 RC 8553-SC-700
762386 S9-26-75 10-01 S1817 34.9 17.7 17.7 BGB CAS 0.03 0.0 679 1.20 13,1 RC 8553-5C-800
762427 10- 1-75 10-03 S1822 7.0 2.8 2+8 LSJ LRH 0,25 1.01 891 1.27 9.9 RC 5553-75=300
' LC CELL TEMP LOW
762428 10- 1~-75 10=-03 51833 16,1 8.5 8.5 LLSJ LRH 0.02 0,02 €53 1.19 13.6 RC 8553=5C=900
LC CVS SAMPLE FLOW AT 10 CF

/H
762429 10~ 1-75 10-03 51847 19.3 10.1 10,1 LSJ LRH 0,04 0,02 656 1,19 13.5 RC 8553-5C-1000
762430 10~ 1-75 10-03 S1860 28.8 16.5 16,5 LSJ CAS 0.02 0,01 598 1.10 14,8 RC 9553=-HE=300
762431 10~ 1-75 10-03 51868 22.2 11.3 11.3 LSJ CAS 0,03 0.02 674 1.17 13.2 RC 8553-5C-1100
762432 10- 1-75 10-03 51882 30.2 15.4 15.4 LSJ CAS 0,03 0,03 674 1,15 13.2 RC 8553-5C=1200
762441 10- 2-75 10-03 51895 11,2 Se.4 S.4 LRH CAS 0,04 0,02 715 1,36 12,4 RC 8553-SC-1300
762442 10- 2-75 10-03 51909 20.1 10.0 10,0 LRH CAS 0.03 0.0l 686 1.32 12.9 RC 8553-5C-1400
762443 10~ 2-75 10~03 51922 29.4 14.8 14.8 LRH CFJ 0.03 0.0 683 1.29 13,0 RC 8553-5C-1500
762444 10- 2=-7S 10-03 S1935 36,2 18.4 18.4 CAS CFJ 0.03 0.0 677 1.24 13,1 RC 8553-5C=1600
762445 10~ 2-75 10-03 S1948 43,6 21.9 21.9 CAS CFJ 0.03 0.0 685 1,27 13.0 RC 8553-=SC-1700
762446 10~ 2-75S 10-03 51964 44,8 22.2 22.2 CAS CFJ 0,03 0,0 693 1,29 12.8 RC 8553-SC~-1800
762447 10~ 2-75 10-03 S1977 16.9 8.3 Be3 CFJ LRH 0,06 0.07 701 135 12.7 RC 8553-SC~1900
762448 10~ 2-75 10-03 51990 30.4 15.4 1S.4 CFJ LRH 0.03 0.03 676 1.27 13.1 RC 8553-5C-2000
762449 10- 2-75 10-03 52003 39.8 2040 20.0 CFJ LRH 0.03 0,02 682 1.29 13,0 RC 8553-5C-2100
762450 10~ 2-75 10-03 52016 41.9 214 2le4 LRH CFJ 0401 0,02 674 1.27 13.2 RC 8553-5C-2200
762451 10~ 2-75 10-03 52029 43.7 2240 22.0 LRH CFJ =-.01 0.02 682 1.22 13.0 RC B553-5C-2300
762452 10- 2=-75 10-03 52056 44,3 22.5 22.5 CAS CFJ 0,03 0,02 678 1.27 13.1 RC 8553-SC-2500
NOTE:

This is vehicle II C 5 of Table 6. This vehicle is a prototype vd%ilce in the 5500 1b inertia weight class with a 460 CID engine, monolithic
catalyst, and an air pump and designed to meet standards of 0.4, 3.4, and 2.0 gpm HC, CO, and NOx.

The catalyst is a 166 cubic inch catalyst of platinum aw
palladium.

Cooling - two f i i
g wo fans in front of the vehicle and another fan at the back wheel blowing across the vehicle from the passenger side

Preconditioning - 36,000 miles of AMA with a 0.01% sulfur fuel

» then 500 miles of modified AMA with a 0.03% sulfur fuel.
0.03% sulfur in the test fuel

FTP
HC gpm CO gpm NOx gpm
©.22 1.54 1.72

Manufacturer's Results:



SHLFATY DU k7 T N9i3%:02  Jad loe 976

MESTOEFE [0 sy P2 [RRTIRVI
TEST TFQY AMNABL H25NG <62 ORDEL cipEst : FrrSslars (/T o) . COMMENTS
NO, NDATE NATF OO G/ il /] (AT X4 MU L A AR F TRV S R Y T cn [T NTE ¥ 4 [T (TFST TYPE)
762719 10=-722-75 11=-03 ARLK 14,7 £ats fab b T A Fote S0 Tabha Dngt WO HeR2=T6=200
TAR2720 10-22-75 - A6H24 - - L N LA IR AN SR L Al ek ) ) w0 RPR2=S0-100
762721 10=-272-75 11=-01 AAL3 4K, 7 0.9 R B L L R L S B e B S e S VA P R S 4
TAR2722 10=22=-75 11-03 k653 AS.7 R C AN U TR S T T B e 1S LA w0 AR =HE=100
762723 10-22-7% 11-11 ARAKI  TH,.nD “1e LA PO A A C A i T abh 2L R RARS=SC= 300
762724 10-272-75 11-01 AATA 49 A Vi P i C0 0 T 4 5 end FARTT Letsm sl ol H K hF=SCm=a00

NOTE:

This is vﬁ-iclc I1 € 8 of Table 6. The vehicle Is a prototype vehicle in the 3500 1h inertia weight class equipped with o 1673 CIb
engine, fuel Injection, an Englchard PTX 516 LIC-M20-300 monolith catalyst, of 0.09% tr. oz/unit of platinam and py tadiom in o ratio of
2 to lyand an airpump which provides 47 to 67 oxygen to the catalyst.  The system Is desipned to mecel stimdards of 0040 304 and 004 gpm
of HC, €O, and NOx.

Cooling - onc fan in front of the vheicle and another fan at the rear wheel blowing across the vehicle from the passenger side.

Preconditioning — 4000 miles of an unknown driving schedule with a fucel of unknown sulfur  level, then 500 miles of modilicd AMA
on a fuel of 0.03% sulfur.

The test fuel was also 0.03% sulfur.



TEST
NO.

762751
762752
762753
762754
762755
762756

NOTE:

TEST
DATE

10-24-75
10-24=-75
10-24-7S
10-24-75
10-24-75
10-24=-75

ANAL
DATE

11=-06
11-06
11-06

11-06

H2504
ODOM MG/MI
115602 4.3
11521 2.0
11548 2.1
11572 -
11585 3.7
11623 -

This is vehicle II C7 of Table 6.

engine, a monolithic catalyst, fuel injection, and no added air.

s02
MG/MI

SULFATE PROJECT
VEHICLE ID

% FUEL SULFUR
S02 RECOV

S04

2e7
1.6
1.6

29

2.7
146
1.6
2.9

! HYY334:

EMISSIONS
DRV ANAL HC co
GGS CAS 0.48 4.98
GGS TJC 0.06 0,36
GGS TJC 0.04 0,24
CJF TJC 0,03 0.01
GGS TJC N.05 0,25
GGS TJC 0,04 0,12

voLvo
(G/M1.)
C02 NOX
522 1.25
407 1.15
426 1.23
377 1.42
425 1.29
427 1.26

MPG

16.7
21.7
20.8
23,5
20,9
20,7

09:56:25 DEC 18,

COMMENTS
(TEST TYPE) -

5334-75-100
8334-5C-100
8334-5C-200
9334-HE-100
8334-5C-300
R334-5C-400

This vehicle is a prototype vehicle in the 3500 1b. inertia weight class with a 163 CID

The vehicle is designed to meet standards of 0.4, 3.4, and
0.4 gpm of HC, CO, and NOx. The catalyst*is of platinum and.palladium in a ratio of 2 to 1 and receives an oxygen level of 0.6% to 2%.

Cooling - one fan in front of the vehicle and another fan at the back wheel blowing across the vehicle from the passenger side.

Preconditioning - 4000 miles of AMA with fuel of unknown sulfur level and then 500 miles of modified AMA with fuel of 0.03% sulfur.

Manufacturers Results:

* Englehard PTX 514.5 IIC-M20-300, 0.03%zmnoble metal per unit.

0.

HC gpm

68

CO gpm

9.47

NOx gpm

15.

22.

6

FET MPG

1975



SILFeTE wwy i T 11:12:062 DEC 16+ 1975

N 3 P TR TR S SOPN N - IS S I GBI
TESTY TFRT ANAI I A ) B T AR Felssluns (a/8 1) COMMENTS
NO . NATE NATFE  ONOYM s /M) enya] T0a QO wF OOy Dey Ngdj = (e ChHE 0 NOX RLSTH (TEST TYPE)
762311 9=-27-75 GQ-13N SluBH 1.9 Vel Va3 €28 4 2w F,37  loentt aflT 1443 lR,S WL 5513-75-100
762320 9-272-75 G-3In S14AI 2.5 T 2.7 CRG b wn Ll ,uaZ 33 1,36 22,5 FC AS13-5C-100
762308 9-22-7%  9-30 L1485 3.4 | Tefh Cac = N 12 ety 34 .29 23.7 KC A513-5C-200
762319 9-27-7% G-30 S§1513 H.h Lan AL Crh b ea B (e a0 kel 1,14 25,5 KO G95]13-HE=-100
762318 9-272-75 9-13n §1%15% ek R 1) 1R 0L 0,12 ugit 347 1,60 22,3 FEA513-5C-300
LC TwO FANS ON VEMICLE
762317 9-22-75 G- Q1521 K 1,4 1L, CF O Cas .17 figwA 40 1433 22.1 RC 4513-5C=-400
762310 9=-23-75 3-3~ &18134 Zel 7 .7 Chs CF T Te63  1en?  wu] le®4 19,9 FC 6513-75-200
762312 9-?23-75 5=30 515458 3.1 o7 2T Cas CF ) "~ Y2 G, 757 1,83 22,3 KC R5)13=-5C-500
762313 9-23-75 9=-311 51557 3.9 T 1,2 e ORGS0 Ml 400 1.50 22.1 ~“C 3513-5C-%~00
762314 6-723-75 A9-3n 8]&7] Dl T e Sl L GF ) 0 10 2R Tisu ToeeS 2543 #C S9513-HE=-200
762315 9=-23=-75 G- L]141] LE .1 tel L== CF.} W17 1,0 374 1.3 23,3 RC #513-SC-700
762316 93-23-75 3-30 1594 2. 2 DL LW CR ) T o 2ena 390 1,3A 22,5 FC H513-SC-500
762345 9-24-75 3-3n K1410 Lot 1ot Lote Co5 ] g 1,42 353 1469 24,9 rC R513-SC-900
LC 1 STALL ON FIRST ACCEL.
COLD START - C0O2 R-1 SP
. AN GAS R=-2 GAIN
762346 9=-24-75 9=-30 Glk?4 1.~ ek Toe A~ £5F ] 0,17 Dead RE-E 1.559 272.% KC #513~SC-1000
762347 9=24-75 G- K1AH37 s ‘e 2 Y L CF LML) teza 31) 1453 23409 RC RS13-5C-1100
TA2348  9-24~T75 Q-3 §51A3%] 3,7 .7 2.7 1 CF G T 0,8 44 1459 23.1 RC £513-5C-1200
T7TR2349 9-24-75 3-30 K1ARSK 2.7 dats Pl CHF L 2= A 03 (,48 374 1.87 23.4 KC R%13-SC-1300
762350 9=-24~T75 9=-3n K1ATH A, 1.} Sedl CF 1 LY S]] NgB0 0 3¥AR 1482 22,6 RC RS13-5C-1400
762351 9<-24-75 S5-3I0 51k7) A te} B, s 12 .12 dial | 3kn 1.86 24,7 PC A513-5C-1500
762352 9=24-785 3J-730 5170% 3.5 ‘e 1,2 res cang s 12 O,140 RRAY 1e5% 23,4 RC 8513-5C-1600
762367 9=-24-75 10=-n] S1714 et “al Sel e CAC ST 0,27 VTS 1665 2345 KC 8513-SC-1700
762363 9=24-7% 1n-01 S1731 S.4 el Lo LE- a6 w4} 2 G.3z 379 1459 23.4 EC KH13-5C-1800
742364 3=24=75 10h-01 S1744 4 e HaE R CAS DL e EL leb 23,9 FC ¥513-5C-1900
762365 9-24-75 1n-n) L1773 7.7 b St CFR L CES N 1S O e 379 1,81 23,73 KC 4513-5C-2000
762589 10=-15=-75 10=-273 %2334 140 [ Po& b S g7 Lot~ &/ lewd 1E,n WC S5513-75-300
' LC. A0 SEC CRANK 1 STALL VE
HICLE STARTS HARD
762590 10=-185=-75 10=23 &2345 17, [ tes Voo 1o R4 9400 Be17 3172 1631 28,4 HC K513-5C-2100
762591 10-15=-78 10=-23 B2453 a6 el Yo% LA OF o Y0 3,78 RlAs 0 1430 2k.D RC RS13-5C-2200
76259272 1N=-18=75 ]10~27 52371 [ Rl 1204 1R,0 CAS 12+ 0,07 0,45 306 1e3A 29,6 RC 9513=-HE~300
7A2593 10-1%~75 10=23 47343 7.1 7ets Tee TF) 1924 5,10 5,21 la 1428 27.9 FC R513=-SC=-2300
762594 10-15-75 - 52364 - - - CF L 100 0,32 i 1,25 23,1 RC R513-SC=-2400
762611 10-1A-7< - RPu2d - - - Chn v 6,30 ], 2% wh3 1ekY 19,0 RC §5513-75-400
’ LC GOND START (VEHICLE) NOT
F DRIVER
7A2612 10=-1A=78 10n=23 &2P434 Lot .7 1.7 CAS £AG H,11 6,30 3ol 1.53 24,6 PC A513-5C-2500
7A2A13 10-1A=75 10-2 GPuGNH G, e L AR I R delh 3R 1e43 26,7 KC RS13-5C-2600
762614 10-1A=75 1N=-23 S2uR] "l .7 DT A e DM 5 0e 312 1460 PR,4 RC 9513-HE-400
762615 10-16=75 11-07 ©247] v 7 “al il CF U L gl u k7T A%4 lesb 25,0 KC RS13-5C-2700
762616 10-1A-75 1]1-02 GPuR4 Ner 4e - wed CF | s 10 TW17 1Al 1aR 2a,.n HC HS13=5C=-2800

NOTE: -
This is vehicle II. D 1 of Table 6. This vehicle is a prototype vehicle in the 3500 1lb inertia weight class and has a 232 CID engine. The vehicle

was equipped with an Engelhard monolithic start catalyst, a pelleted catalyst (AC HN 2364) and an air pump. The start cacalyst was 26 cubic inches and

the pelleted catalyst was 160 cubic inches and both catalystgcontained Platinum and Palladium. This system was designed to meet standards of 0.4,
9.0, and 1.5 gpm HC, CO, and NO, .

C?oling - One fan in front of the vehicle. Preconditioning - 50,000 miles of AMA with a fuel of about 0.02% sulfur, then 1000 miles of modified AMA
with fuel of 0.03% sulfur before testing began. An additional 500 miles of AMA with 0.03% sulfur fuel was run between tests 76-2365 and 76-2589. The

o O . . )



SULFATE PROJECT 12:54:24 DOEC 16, 1975

VEHICLE ID : 3JS7KS5M232731 CUTLASS
TEST TEST ANAL H2504 S02 % FUEL SULFUR EMISSIONS (G/MIy) COMMENTS
NO. DATE DATE ODOM MG/MI MG/MI S04 S02 RECOV DRV ANAL HC co C02 NOX MPG (TEST TYPER)
762642 10-20-75 10-22 7047 2.4 1.2 1.2 LRH CFJ 0.37 3.76 646 0.91 13.6 RC 5731-75-100
762643 10-20-75 10-22 7058 249 2.1 2.1 LRH CFJ 0,08 1.41 448 0.85 19,7 &C 8731-SC-100
762644 10-20-75 10-22 7071 2.l 1.3 1.3 CAS CFJ 0610 £.97 519 1405 169 RC 8731-5C=200
762645 10-20-75 10-~22 7084 4.5 3.2 3.2 CAS LRH 0.05 0,65 474 2,08 18.7 RC 9731-HE~-100
762646 10-20-75 10-22 7094 2o 1.5 1.5 CFJ LRH 0,09 2.29 513 2.16 17.2 RC 8731~-5C-300
762647 10-20-75 10-22 7107 2.6 1.6 1.6 CFJ CAS 0,08 1,72 530 1.08 16.6 RC B731-SC-400
762662 10-21=-75 10-22 7122 1.7 0.8 0.8 CFJU CAS 0.55 4.29 682 1.05 12,8 KC 5731=-75-200
LC 1 FALSE START ON BAG 1
762665 10-21-75 10-22 7133 1.9 1.2 1.2 CFJ CFJ 0.07 2.92 531 1.11 16,6 RC 8731~-5C=-500
LC 6.5 MIN IDLE PRIOR TO SA
MPLE

762666 10-21-75 10-22 7146 2.0 1.2 1.2 CAS CFJ 008 1.73 536 1.14 16.4 KC 8731-5C-600
762667 10-21~-75 10-22 7160 3.4 2e3 2.3 CAS CFJ 0.05 0.52 489 1.0%5 18,1 RC 9731-HE=-200
762668 10-21-75 10-22 7170 2.8 1.7 17 LRH CFJ 0408 1432 537 1.15 16,5 RC 8731-SC=700
762669 10-21-75 10~-22 7183 2.8 1.7 147 LRH LRH 0.08 1.27 535 1.15 16.5 C 8731-5C-800
762670 10-21~75 10=-22 7196 2.8 1.7 1e7 CFJ LRH 0,09 2.21 534 1.15 16,5 RC 8731-5SC-%00
762671 10-21-75 10-31 7210 3.9 2ol 2¢4 CFJ CFJ 0,09 2415 530 1.15 16.6 +#C 8731-5C-1000
762672 10-21-75 10-22 7223 2.7 le6 146 CAS CFJ 0,09 2,25 532 1.16 16.6 RC R731-5C-1100
762673 10-21-75 10-22 7236 3.1 1.9 1.9

T.JC CFY 0.07 1425 525 1.12 16.4 RC 3731-5C~1200
NOTE: '

This is vehicle II D 2 Table 6. This vehicle is in the 4500 1b. inertia weight class equipped with a 350 CID engine and a 260
cubic inch pelleted catalyst# Without an air pump the oxygen level in the exhaust before the catalyst is approximately 1.5% according
to GM data. Tis system is designed to meet standards of 0.4, 9.0, and 1.5 gpm of HC, CO, and NOyx.

Cooling~ Two fans in front of the vehicle and another fan on the passenger side at the rear wheel blowing across the vehicle.

Preconditioning - 1000 miles of modified AMA driving with an 0.037% sulfur fuel just before testing.
The test fuel was 0.03% sulfur. . ) /[)4 (572 RATIO)
%* catALYST © 05 o2 Pt
&M SULFURIC AciD EmissioN DAYTA asivgpn

ON ENCLOSED GRAPH



SHLF £ T By JgeECT 11341219 DEC lae 1975

YERICEF TN L RGICKIDPTRIN Al
TEST TEST ANAL H?2S04  SO2 % OFUEL Qe CATSSIOMS (iG] ,) COMMENTS
NO., DATF DATE  ODOM MG/MI mMG/M] S04 SO2  RECOV NEY AAL O cu e NUX Midis (TEST TYPE)
762970 11-11~-75 11-13 461K 2ol lee Teto [ S S8 faa3 = 1% S0/ 1,51 17,7 #¥C 5603=-75-100
762971 11-11-75 11-13 4629 4,2 7 o3 LS LS N0 5,17 4y 2.07 20,4 FC Rynji=sC-10n
762972 11=-11-75 11=-13 4642 18,7 150 150 JSH 150 "eie 0,07 6] 1,65 2,6 WO AGN3=SC=-200

LC uwha=LF T0O SHIFT INTO FIRST GEAR
timw NG TEST
762973 11-11-75 11-13 4665 4R, H 41.3 Gle3 USH JSS B,07 D oHda Gy P oR 20 e KO G0N E-HE-L(N
: LT vERITCLE Dinwh V02 A8OUT 3 172 HOL
S FOW REPATR PEIOF TO THIS TEST

762974 11-11-75 11-13 4675 36,7 PRLR 2leH LG SH B 0N derH LS 1498 21,2 (0 HYG3=SC-300
762975 11-11-~7% 11-13 4kr8R 37,7 23.6 st LS IS .07 hed wr] Jo%7 2149 KO RGN3=5C-40n
763010 11-12-75 11-13 4703 1.7 160 10 1€ OF ) figlm 5419 415 lesZ 16,9 ¥C Q%03=75<200
763011 11-12=-75 11=-13 4714 10,1 $al el LS CF 016 l1.11 ali 162 21,6 RC K903-5C~500
763012 11=-12-75 11-13 4727 24,R 12,49 19,5 LR~ LS 007 .20 &la 2,09 2l.s KC P403-SC-600
763013 11-12-75 11-19 474] 23,2 2n.Q PNeH I RH LW L 0T Y 3hr 2,31 24,0 RC 9903-HF-200
7A3014 11-12-75 11-19 4751 30,0 PhekR e LS 1 wH (P efiFE e W] le9¢ 2241 ~C 2603=SC=-700
763015 11=-12-75 11=-19 4765 29,4 2.8 PR eM LK L DD D gmy L P2¢N0 21,3 RC RUN3=-SC-¥0n
NOTE:

This is vehicle II. D. 3 of Table 6. The vehicle is a 1976 certification vehicle in the 3500 1b inertia weight class and has a 225 CID engine,
a small oval Platinum monolithic catalyst, and no air pump. Chrysler states this vehicle should be considered as a prototype designed to meet
standards of 0.4, 9.0, and 1.5 gpm of HC, CO, and Nox.

Cooling - Two fans in front of the vehicle also one fan at each side.

Preconditioning ~ 4000 miles of AMA with fuel of urknown sulfur level and the 500 miles of modified AMA with a fuel of 0.03% sulfur.

The test fuel was 0.037% sulfur.

Manufacturer's results: FTP

HC gpm CO gpm NO, gpm
0.49 7.1 1.28



SULFATFE PROJFCT 12:05:46 DEC 184 1975

VEHTICLE ID ¢ 304550137973 VISTA CRUISE
TEST TEST ANAL H2S04 S0°2 % FUFL SULFUR FTISSTONS (G/MT) CUMMENTS
NO. DATE DATF ODOM MG/MI MG/MI S04 S02 RECOV DRV anaL HC co coe NOX 1P G (TEST TYPE)

CAS CFJ Nebls RBa79 614 1eh6 lael KC 5973-75-100
' CAS CFJ 0417 5,01 6445 1.97 17.8 RC #973-SC-100
LPH CFJ Delh 4,71 486 1,87 je.0 RC RY73-5C-200

762768 10-28-75 11-11 13134 1.0 1.0
1-1 4.5 4.5
3.0 3.0
445 445 SYD LRH 0,nR 1,54 452 2,70 19,3 FC 9G673-HE-100
7.1 2.1
1.7 1.7
1.0 1.0

762769 10-28-75 1 1 13145
762770 10-2R-75 11-11 13158
762771 10-28-75 11-11 13171
762772 10-28-75 11-11 131K1
762773 10-28-75 11-11 13194
762777 10-29-75 11-11 13210

SV LEH Nala  w,h0 474 1,78 1H.6 RC R673-5C-300

SV CAS M.15 5,35 486 1.7R 17.5 FC 8G973-5C-400

LRF CAS 0451 4.R3 ALT7T 156 14,2 RC 5973-75-200 : .
LC MOX VALUES ARE QUESTIONABLE

W PN
® s o o o o o
—_ N ODONNNND

. RLE
762778 10-29-75 11-11 13221} 4.4 3.0 3.0 LRH €AS 0,13 3,23 4R2 2.08 16,2 RC B973-5C-500
LC NOX VALUES ARE QUESTIONABLE
. AtE
762779 10-29-75 11~11 13234 2.6 1.7 1e7 CFU LPH Nola 3469 483 2.08 18,2 RC B973-5C-600

LC NOX wAS MEASURED ON TRAIN 15 ALL
- NOX VALUES BEFORE THIS ARE ?
762781 10-29-75 11-11 13247 2.1 1ett . le4 CF CFJ 0,16 4 ,AT 475 2411 18.4 KC 8973-SC-700 ‘
- LC  TESYT WAS PERFORMED IN wRONG SEQUE
NCF HEFORE 973-HE-201 16-2780
762780 10-29-75 11-11 13262 3.1 2e?2 2.2 CAS CFJ 0,08 1,06 465 2,33 19,0 kC 9973-HE-200
LC TEST WAS RUN IN wWRONG SEQUENCE AF
TER 373-SC-700 16-2781

762782 10-29-75 11-11 13273 1.3 ne9 0,9 CAS CFJ N13 3,65 482 2.12 18.2 RC R973-SC-500
762783 10-29-75 11~-11 13286 1,1 N7 07 LEM CFJ 0412 Zoe86 477 2.1% 1Re4 RC BG73-SC=500
762784 10-29-75 11-11 13296 1.3 Ne9 - NeQ LEH LRH 0,12 2.90 424 2,04 18,2 RC 8973-5C~1000
762785 10-29-75 11~-11 13309 1.4 1.0 160 CFJ LRH Nel12 2477 433 2.02 18,2 RC 8973-5C-1100
762786 10-29-75 11-11 13322 1.2 NeR DeR CFJ CFJ D15 4,42 473 2.02 1643 RC R9T73-SC~1200
762803 10-29-75 11-11 13340 let 1.0 1) CAS CF.J 0,12 3,04 44 2,05 18,5 RC 8973=-SC-1300

NOTE:

This is vehicle II E of Table 6. This vehicle is in the 5000 1b. inertia weight class and is equipped with a 350 CID engine and a 260 cubic
inch pelleted catalyst™but without an air pump. The system is designed to meet standards of 1.5, 15.0, and 2.0 gpm of HC,CO, and NO .

Cooling - Two fans in front of the vehicle and another fan at the rear wheel on the passenger side blowing across the vehicle.
Preconditioning - 1000 miles of modified AMA driving with an 0.03% sulfur fuel just before testing.

The test fuel was also 0.03%7 sulfur. P(./Pa (5/2 RﬂT)O)

¥ caTALYST 0.05 o2
SULFURIC AC\P Em/ ss/ON DATA G\Venvn ow
ENCLOSED “RAPH

eM



SULFATE PROJECT 13:12:11 DEC 18. 1975

VEHICLE ID : LL29G56G132100 DART
TEST TEST ANAL H2504 SO2 % FUEL SULFUR EMISSIONS (G/MI.) COMMENTS
NO. DATE DATE ODOM MG/M1 MG/MI S04 S0? RECOV DRV ANAL HC co cN2 NOX MPG (TEST TYPE)
762906 11- 6=-75 11-18 4617 4.3 2e4 2.4 LSJ CFJ 1.43 6.91 534 1.59 16,1 RC 5100-75-100
' . ‘ LC BAG 1 RAN APPROX 10 SEC. LONG
762907 1l- 6-75 11-18 4628 25,4 ' 19.5 19,5 LSJ CFJ 0.48 0,43 431 1.66 20,5 RC 8100~SC-100
762908 11« 6-75 11-18 4641 21.3 16.5 16.5 LSJ CFJ 0.42 0.39 427 1,70 20,7 RC B)00~-SC~200
762909 11~ 6=75 11-19 4655 25,1 20e7 20.7 LSJY CFJ 0,38 0,32 402 1.51 22.0 RC 9100-HE-100
762910 1l= 6-75 11=-18 4665 20.4 1640 16,0 LSJ CFJ 0.44 0,46 423 1.62 20,9 RC B100-SC=300
762911 11- 6-75 11-19 4678 21.7 1666 1646 LSJ CFJ 0.39 0,45 433 1.65 20.4 RC B100-SC~-400
762928 11~ 7-75 11-13 4695 2.9 1e6 1.6 LSJ CFJ 1.37 6,36 522 1.65 16,5 RC 5100~75-200
762929 11- 7-75 11-13 4696 22.0 17.1 171 LSJ CFJ 0,61 0,37 427 1.95 20.7 RC 8)00-SC~500
762930 11=- 7-75 11-13 4709 25,3 2n.2 20.2 CAS LSJ Ne40 0,39 415 1.69 21.3 RC A100-SC-600
762931 11=- 7-75 11-13 4743 31.8 267 26,7 CAS LSJ 0,36 0.33 2395 1.58 22.4 RC 9100~-HE-200
762932 11- 7-75 11-13 4754 18,2 14.4 14.6 CAS LSJ 0.41 0.54 417 1,76 21.2 RC 8100-5C-700

762933 1i- 7-75 11-13 4766 24.4 19.7 ) 19.7 CAS LSJ Ne39 0440 408 1.66 21.6 RC R100-SC-800

NOTE:

- This is vehicle II E 3 of Table 6. This is a 1975 certification vehicle in the 3500 1b. inertia weight class with a 318 CID

engine, a small oval platinum monolithic catalyst, and an air pump. This vehicle is designed to meet standards of 1.5, 15.0 and 2.0 gpm
of HC, CO, and NOy. - . ) - :

" Cooling - two fans in front of the vehicle and another fan at the back wheel blowing across the vehicle from the passenger side.

- Pteconditionigg - 4000 miles of AMA with a fuel of unknown sulfur level folloﬁed by 500 miles :of modified AMA with a fuél of 0.037 sulfur.

- The- test fuel was also 0.03% sulfur

" Manufacturers' Results:

HC gpm €O gpm NOx gpm
1.09 - ; 6.1 1.78



SULFATF PROJFCTY ' ’ 14230238 DEC 22, 1975

VEMICLE ID ¢t ASARATA130769 MATADOR
TEST TEST ANAL H2504 S02 "~ % FUEL SULFUR EMISSIONS (G/M1,) COMMENTS
NO. DATE DATE ODOM MG/MI MG/MI S04 S02 RECOV DRV ANAL HC CO CO02 NOX MPG (TEST TYPE)

763194 11-25-75 12-01 5227 3.6 1.8 1.8 LSJ JSH 0.31 5.60 619 1.98 14,1 RC 5769-75-100
763195 11-25-75 12-01 5238 12,0 7.8 7.8 LSJ JSH 0,09 2,42 S07 2.70 17.4 RC R769-SC-100
763196 11-25-75 12-01 5251 3,0 2.1 2.1 LRH JSH 0,07 1,52 4AT 2.61 18.1 RC 8769-SC-200
763197 11-25-75 12-01 5265 4,1 2.9 2.9 LRH LSJ 0,04 0.14 460 2,71 19,3 RC 9769-HE=100
763198 11-25-75 12-01 5275 1.5 1.0 1,0 JSH LSJ 1,07 1.3R 496 2.57 17,8 RC AT769-5C=300
763199 11-25-75 12-01 5288 1,7 151 “lel JSH LSJ 0,07 1,37 493 2.58 17,9 RC AT7£9-5C=-400
763200 11-26=75 12-04 5304 1,6 0.8 NeB LSJ JSH 0,27 4.44 622 2,18 14,1 RC 5769-75-200
763201 11-726-75 12-04"5315 2,1 led 1.4 LSJ) LR 0,09 1,78 499 2,66 17,7 RC 8769=SC-500
763202 11-26-75 12-04 5328 2.2 1.5 1.5 JSH LRH 9,06 0,63 487 2.57 18.2 RC 8769-SC=500
763203 '11-26-75 12<04 ~ 5341 4,9 3.6 346 JSH LSJ Ne04 016 448 2473 19,8 RC 9769-HE=200
763204 11-26-75 12-04 5352 3,0 2.0 2,0 LRH JSH 0,06 1.06 4BB 2,66 18,1 RC 8769-5C=700
763208 11-26-75 12-04 5365 3,9 2,6 LPH JSH N;06 0,63 485 2,62 18,2 BC 8769=5C=800

2e6
NOTE:; -

‘ This is vehicle II E 2 of Table 6, This is a 1976 production vehicle in the 4000 1b inertia wejght class with a 258 GID engine, pelleted catalyst,
and ‘an air pump. The catalyst is a 160 cubic inch platinum and palladium catalyst. This system is designed to meet standards of 1.5, '15.0, and 2.0
GPM of HC, CO, and NOx.
';Cooling - Two fans in front of the vehicle and af other fan at tﬁe back wheel blowing across the vehicle from the passenger side.
vPreconditioning- 4000 miles of AMA with fuel of about 0 022 sulfur, then 1000 miles of modified AMA with an O, 03% sulfut ‘fuel.
~The test fuel was -0, 03% sulfur. . '

Manufacturer's Regults; "FTP . . . v FET

HC gpm CO gpm NOx gpm -~ MPG MPG
0.33 - 5,48 - - 1.64 : 1236 18.5

NOTE:

" It should be noted that small negative peaks were present in addition to the usual positive peaks during Sulfate analysis. This

indicates some possible interference with the analysis. It is felt that the possible interference is small and that the analysis
numbers are reasonably accurate, :



TEST
NO,

762683
762684
762685
762686
767687
762688

762697
762698
762699
762700
762701
762702
762741
762742
762743
7h2764
762745
762746

.NOTE:

This is vehicle II E & of Table 6.

TEST
NDATE

10-272-75
10-22-75
10-22-7%
10-22-75
10-272-7%
10-22-7%
10-23-75
10-23-75
10-23-75
10-23-75
10-23-75
10-23-75
10-24=-75
10-24-75
10-24-75
10-24-75
10=-24~78
10-24-75

ANAY
DATF

11-03
11-27
10-71
10-31
10-31
11=-n73
11-n3
11-03
11-01
11-02
11-7¢
11-0n¢
11-0¢
11-0F
11=0k
11=-0&
11-’\&
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Cooling - Two fans in front of the vehicle and another fan on the passenger side.
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The vehicle is the same as vehicle II E 4 of Table I but without an air pump.
ubic inches with Platinum and Palladium.

16:09:55

NOV 25,

COMMENTS
(TEST TYPE)

5693-75-100
R693=-5C-100
R693~-SC-200
9/93~-HF=-100
ReG3-5C-300
RAG3=5C=-400
Y56G83=-75-200
B693-5C-4060
AARGQ3=-5C-600
YUARQ3=HF =200
HeQ3=-5C-700

© RRQI=SC-H800

5663-75=-3019
HEGH=5C=-900
Pe93-SC-1000
GRG3=-tF =300
He G 4=5C~-1100
~603=5C-12n0

1875

It has'an inertia weight

" The system is designed to

- Preconditioning - 5000 miles of an unspecified driving schedule with a fuel of unknown sulfur content, then 500 miles of modified AMA with a fuel
of 0.03% sulfur. -

The test fuel was also 0.03% sulfur.

Manufacturer's Results:

HC gpm
0.57

CO gpm
4.06

FTP

NOy gpm

1.61



TEST TEST ANAL H2504 SO02

NO. DATE DATE ODOM MG/MI MG/MI sS04
763380 12- 9-7S 12-11 B828 3.7 1.9
763381 12- 9-75 12-11 8839 50.6 33.2
763382 12- 9-75 12-11 8853 79.1 53.6
763383 12- 9-75 12-11 8866 109,2 7845
763384 12~ 9-75 12~11 8876 178.0 5049
763385 12- 9-75 12-11 8889 82.8 S446
763386 12-10-75 12~-11 8901 5.0 2.6
763387 12-10-7% 12-11 8912 77.4 51.9
763388 12-10-75 12-11 8925 87,0 59.3
763389 12-10-75 12-11 8938 109.3 82.3
763390 12-10-75 12-12 8948 106.8 73.2
763391 12-10-75 12-12 8961 105.0 720
NOTE:

SULFATE PROJECT

VEHICLE 1ID

% FUEL SULFUR

S02 RECOV

1.9

33,2
53.6
78.5
S0.9
S4.6

2.6

51.9
59.3
82.3
73.2
72.0

¢ SWB1F123693

DRV

CAS

CAS
LRH
LRH
LsJ
LSJ
LSJ

LSJ
CAS
CAS

LRH

EMISSIONS
ANAL HC co
LRH 0.46 1.92
LRH 0.11 0.32
LSJ 0.07 0.04
LSJ 0.08 0,02
CAS nel2 0.22
CAS 0.12 0.15
LRH 0,47 1,68
LSJ 0.11 0.08
LSJ 0,06 0.11
CAS 0,06 0.01
CAS 0.11 0,09
CAS 0.12 0.0S

(G/
co2

609

506
491
461
509
502
611

496
487
440
484
485

GRANADA

MI.)
NOX

1.69

1.39
l.41
1.45
1.38
1.4S
.81

1.45
1.4
l.47
1.46
1.46

MPG

14.5

17.5
18,1
19.2
17.4
17.6
l4.4

17.9
18.2
20.1
18.3
18.3

RC
Lc

RC
RC
RC
RC
RC
RC
LC
RC
RC
RC
RC
RC

14t20:21 DEC 22, 1975

COMMENTS
(TEST TYPE)

S693=-75-400

LONG CRANKs 1 FALSE START ON BRAG
1

8693-5SC~1300
8693-5C-1400
9693~-HE=400
8693-5C~-1500
8693-5C-1600
5693-75=500

1 FALSE START ON BAG 1

R693-SC-1700
8693-5C-1800
9693~HE~-S00
8693-SC~1900
8693=5C~-2000

This is Vehicle II £5 of Table 6. This vehicle is in the 4000 1b. inertia weight class with a 302 CID engine, a monolithic catalyst,
and an air pump. The catalyst is 142 cubic inches with platinum and palladium noble metal.

1.5, 15.0, and 2.0 GPM of HC,CO, and NOy.

This system is designed to meet standards of

Cooling - three fans in front of the vehicle and another fan at the back wheel blowing across the vehicle from the passenger side.

Preconditioning ~ 5000 miles of an unspecified driving schedule with a fuel of unknown sulfur content, then 500 miles of modified
AMA with a 0.03% sulfur fuel, about 200,miles of dynaometer testing with the 0.03% sulfur fuel, and then an additinal 500 miles of modified

AMA with the 0.03% sulfur fuel.
The test fuel was also 0.03% sulfur.

Manufacturer's results:

HC
0.33

FTP

co
1.15

NOx gpm

1.89



S FATE ey 1n 07 10:57:a47 GEC 16 1975

VEHTCLFE Nt IR4-/AGD vw ~ARS]T PTESFL

TFST TESY ANAL H?28N4 <62 D S RS IS KL AR EelsSions (G/vT ) COMMEMTS

NO, NATE NaTE  ODOM Mo/ MG/M] ana SO DECHY DRy AL =G CG Cu2  MOX MG (TEST TYPF)
762177 9~ 9-75 9Q9-12 4357 3.5 1e6 Tor VOO Lkt (412 (9% 277 1422 30,5 &C 56G0-75-100
762178 9= 9=75 Q9=-172 43Ky 10,1 2eF Pur YBC L aDH DeSH PlA 1402 4h,5 HC H66G0N-SC-100
762179 9= 9-75 Q-)2 4387 ReG Pe? PP VUSSR NgNT DehR 221 6499 4hH,7 RC RAGQ-SC-2010
TA21RN Q= Q=76 Q=17 4394 9.9 2.7 2.7 VG m= a0l 060G 204 0097 49,9 RC 9AGH-HE-100
762181 9= 9-75 Q.17 4406 10,1 2.F a6 NGO U 0,07 0,5 Ply 0,92 46,2 WC KAI0-SC-300
7621R?2 9= A=7% G=]12 44149 0,7 2eH 2.6 R L= a7 Gede 230 l1e00 44,0 KC REGY=-SC-40(
762169 0Q-1n-78 - 4430 - - - JFie = 1,0 GGatl 0 0.0 0.9 RC 5690-75-200

LC VOID = CVS MALFUNCTIONED
AND BAGS WwOULDNOT SWITC
H m 505 SEC.
Dot Bt T s, 007 9,500 21 1.03 46,9 KC BeG30-5C-500
T2 VET L Sa D 0e Gghn Pga JoCo 45,3 K(C B49(0~-SC=500
Pl R s LR N 05 Dear 2O NaY95 50,4 KT G€90-nE-200

762200 9-10-75% [5=17 444l Y
762201 9=1n=~7% GQG-17 4uhi e
762202 9-1n=-7% Q=12 4a47n 9,
762203 9-1n=75 9-12 44ha 9.
782204 9=10-75 Q=172 4&au97? e

el FG W g0 ),5% 215 0,96 47,0 RC RAGD~SC-700
o2 JFG Lem 0T .5 219 D.96 46,7 RO RAGE=-5C-80N

LN g SN
s e e o 0
AV SR U VI &

NOTE: _

This is vehicle I;I 8 on Table 6, a V‘/Rébbit with a 90 cubic inch diesel engine.
Cooling - One fan in front of vehicle

Preconditioning - ECTD, TAEB testing

'0.217 sulfur in test fuel.



StHFATF POOJFCT

VFHICLFE ID @ WL&1X48210261 ETHYL'S CORONET
TEST TFST ANAL H2S04  S02 ¥ FUEL SULFUR FMISSTIONS (G/MI)

NO. NATE DATF  0DOM MG/M] MG/MI] sha SNZ  HECOV DRv anatl HC co CO2 NOX MPG
762542 10~ 9-75 10-20 52385 17.6 Te60 Te6 CAS TLH 0,30 6.8& 737 1.80 11,8 RC
762543 10~ 9-75 10=-20 52406 7.6 4.9 4,9 €CaS NCS Ne10 3.60 530 1.67 16,6 RC
762544 10~ 9=7%5 10=-20 52419 7.7 S0 S.0 LR NCS N,0B 3,42 526 1.55 16.7 RC
762545 10~ 9-75 10=-20 52432 7.1 Beb S.5 LRH LRH 0,05 1425 441 2.61 20.0 RC
762546 10~ 9-75 10-20 S2442 6.4 441 4.1 LRH LRH 0,08 3,33 529 1.58 16.6 RC
762547 10~ 9-75 10-20 52455 5.5 35 3.5 DCS LRH 0,07 2,79 523 1.59 16,8 RC
762555 10~10-75 10-20 82474 7.1 2.1 3.1 G6GS NCS lala 7480 692 1496 12.5 RC
762548 10<10=75 10~20 S24R5 5.9 3.9 3.9 66S NCS fall 2.87 S17 le44 17.0 RC
762549 10-10-75 10-20 52498 5.7 .5 3.5 NDCS G6S 0.08 2.21 513 1.32 17.7 RC
762558 10-1n=-75 10-20 S2511- 5.3 41 4.1 NCS DCS 0406 1eb0 434 2,34 2043 RC
762556 10-10-75 10-2n 52523 5.6 3.8 3.8 DCS NCS N,08 Z2.63 509 1.46 17,3 RC
762557 10-10=-75 10-22 52535 5.3 .5 3.5 CAS LSJ 0.19 2.60 516 1.264 17.0 RC

762559 10-10-7% - 52549 TJC LSJ 0.08 1.856 502 1.29 17.6 RC
762560 10-10-75 - 52562 - - - LSJ TJC N.0R 2,59 S11 1.30 17.2 RC
762561 10-10=75 10=22 52575 Se 7 1L.SJ NCS Nel2 2.84 505 137 17.4 RC
762562 10-10-75 10=-22 52588 G 0 LSS NCS 010 2,65 513 1.40 17.1 RC

NOTE:

This is vehicle III. 7 of Table 6. This vehicle is an advanced non-catalyst system. The vehicle is in the 4500
equipped with a 360 CID engine which is calibrated lean, and has thermal reactors and a lead trap.

Cooling ~ One fan in front of the vehicle and one fan at each side.
Preconditioning - ECTD TAEB testing

The test fuel was 0.03% sulfur.

12:52:58

COMMENT

PEC 164+ 1975

S

(TEST TYPE)

5261-75-100

LC 10 SEC CRANK ON BAG 1

8261=-5C-100
8261-5C=-200
9261-HE-100
8261-5C-300
8261-5C-400
5261-75-200

LC 1
R261-5C=-500
8261-5C-600
9261-HE=-2010
R?261=SC-700
8261-SC-800
8261-5C-900
#261-5C-1000
8261-5C-1100
8261-5C~-1200

FALSE START 1 STALL

1b inertia'weight.class’

Ethyl reported significant entrainment of lead salts from the lead trap since the trap was full of lead salts during the EPA tests. Lead
compounds interfere with the EPA analysis method for sulfates. The sulfate emission numbers reported for this car must be considered in this
light. Ethyl analyzed two EPA’filters on runs 901 and 1001 and reported 18.5 and 17.8'qg/filter which correspond to sulfate emissions of

about 2 mgpm.



TEST
NO,

763232
763233
763234
763235
763236
7637237
763254
763255
763254
763257
763258
763259

NOTE: .

TEST
NDATF

12-
12-
12-
12-
12-
12~
12~
12-
12-
12-
172~
12-

1-75
1-75
1-75
1-75
1-75
1-75
2-15
2-75
2-75
>-75
2-75
?-75

ArAL
NATF

12-056
12-0%
172-n%
12-05
12-0n8
12=-069
12-0%
12-08
172=-06
12-056
12-5%
12-n%

0104

9701
Q71?7
G725
G735
9748
9761
9776
|787
9790
9816
QR26
Qr40

HA2506
M/l

2.1
16,2
25.°

192.6
8,2
44,2

1.5
45,7
57.1
A9, 0
46,5
4B R

This is vehicle IV 6 of Table 6.
a 260 cubic inch pelleted catalyst; and an air pump.

Nz
/]

AN

o F ~|'.:'|

Gl

| IR
e, 7
1.0
71.1
2.7
27.%
"neY
2R.7
3.0
AT
PN
An, 7

[

ISL LN SRR

| T

SN Fre

LECy

Yo
..,.7
1~.0
7.1
2T
EE RS
.5
2,7
R
ANGT
24,0

3,7

TR O P
LSt g
LS 5
L.s 1 Is=
CE 1S
CF. s
CEL U5
[ B R
pay Js
Jea cag
J&est Cag
Chas LS
CAS LS

BT

[P RN TS LR

Frins s (G/e,)

-

a2}
AR
AR
RFREA)
[N
A

GePP
Ny e
N
.02
nans

105

A

Cu

e
a0y
Jeld
(4 306
), 0R
v 07
1,72
04N7
)4}

.01
1he33
0431

13:48305  JAN G. 1976
Al Iy CLASSIC

COMMENTS
cOZ2  NOX My (TEST TYFE)
679 1435 13.0 RC 5224-75-300
G227 1e24 1648 “C RZP264-5C=50N0
S0% 1417 17,5 RC A224-5C~700
ana 1.11 1941 RC 3224-rF-200

20 1421 17.1 RC 8224-5C=-800
512 1418 17.3 RC B224-5C-5900
AHG 1438 13,3 KC 5p24=-75=-40n
511 1.3% 17.3 RC R224-SC~-1000
511 136 1744 RC H2P4=-SC-1100
a2 1427 18.8 RC 9224-HE=-300
516 137 17.2 RC 8224-5C-1200
Sl 1.26 17,3 RC R2P24-SC-1300

a}‘his vehicle is iﬁ the 4500 1b. inertia weight class and equipped with a 350 CID engine; a start catalyst,

This system is designed to meet standards of 0.4, 3.4, and 0.4 gpm of HC, CO, and NOy.

Cooling - Three fans in front of the vehicle and another fan on the passenger side.

Preconditioning - 1000 miles of standard AMA driving with an 0.03% sulfur fuel, then about 100 miles of dynamometer testing with fuel of
0.03% sulfur, and finally 1000 miles of modified AMA driving with fuel 0.03% sulfur.

The test fuel was also 0.03% sulfur.

| sTART CATALYST- (0 (w3 FRom ForD
X 200 W3 CATALYST - 0.05 ¢ Pt/PJ
(sr2 RATI®)

M SuUL FURIC A<D EmissioN

DATA GIVEN ON ENclOSED GRAPH



SHLFATE o rT 13:08:18 DEC 18, 1975

IFETCLE TN 3 e 3340 VOLVO
TEST TESTY ANAY AN AT RN P n FUEL = F e FaISSInns (H/91,) COMMENTS
NO, DATE DATE  ODOM MA/MT A6/ 4] ala SNP BECOV Dy aNal A Cu Cde  NOX i (TEST TYPE)
762713 10-23-75 11-7f 15x5] 2.6 Vo7 1.7 TJC CF G 0,13 16z &hH 106 18,49 KO S340-75-100
762714 10-23-7% 11-0A 15462 1.5 o4 1ot TUC TUC D03 040) 397 1al3 2246 KL R340-SC-100
LC 7.5 &“IN IDLE PRIOR TO TEST-TRACES
_ wfRF CHANGE WILL TEST PROCEED
762715 10-22-75 11=-1NA 15874 1e7 1.6 Tet Lh= TUO 7003 0,060 332 0,898 22,6 RPC 8340-5C-200
762716 10=21-75 1]1-1NA JBHAY 2ef) Ve WM TN dde P 0,060 364 1421 2a,3 RC O 5340-HE-100
62717 10=-23=-75 1]1=-nA 15939 1.3 Vel Tel CF U TJ0 Vo012 2,06 330 0497 22,7 PC A3409-SC-300
%6271q 10-23-75 11-nFk 18951 les 1.2 o2 CFU T Aeny D)l 393 0488 22,5 PC 8340-5C-400
/2750 10-24-75 - 15975 - - - TRTOACH L 1Y Peet 809 0,24 17,3 FC S340-75-200 NO FILTER SAaMP
’ LE

NOTE:

This is vehicle IV 1 of Table 6. The vehicle is a prototype vehicle in the 3500 1b inertia weight class equipped with a 130 CID engine,
fuel injection, a three-way monolithic (Engelhard PTX 16 TWC 16-M 20-300 noble metal loading 0.095 oz./unit)catalyst, and a Lambda-sopnd

oxygen senor which controls oxygen to the catalyst at 0.6%Z to 0.9%. This system is designed to meet standards of 0.4, 3.4, and>0.4 gpm of
HC, CO, and NOy.

Cooling - One fan in front of the vehicle and another fan at the rear wheel blowing across the vehicle from the passenger side.

Preconditioning - 4000 miles of AMA with a fuel of unknown sulfur level, then 500 miles of modified AMA with a fuel of 0.03% sulfur.

The test fuel was also 0.03% sulfur.

Manufacturer's results:

FTP FET
HC gpm CO gpm NOy, gpm MPG MPG
0.11 1.79 0.69 16.7 22.9-



SULFATE PROJECT 14:27:35 DEC 22+ 1975

VEHICLE ID : D37H4143567]1 MALIBU CLASSIC
TEST TEST ANAL H2S04 S02 % FUEL SULFUR EMISSIONS (G/MI,) COMMENTS
NO, DATE DATE ODOM MG/MI MG/MI S04 S02 RECQOV DRV ANAL HC co c02 NOX MPG (TEST TYPE)

763262 12- 2-75 12-05 12813 3.3 1.5 T 145 LSJ JSH 0430 0468 697 1,56 12,7 RC S671-75-100
763263 12- 2-75 12-05 12824 22.3 - - LSJ CAS 0.06 0.0 0 D.0 0.0 RC 8671-SC~100
763264 12~ 2-7S - 12838 - - - CAS LSJ 0.03 0.0 0 0.0 0.0 RC 8671-5C-200
763265 12- 2-75 - 12849 - - - CAS JSH 0,01 0,0 0 0.0 0,0 RC S671=-HE-~100
763266 12- 3-75 12-11 12871 3.4 1.5 1.5 LSJ JUSH 0.21 0.60 695 1.69 12,7 RC 5671-75-200
763267 12- 3-75 12-11 12882 88.8° - 53.5 : 53.5 LSJ CAS 0.08 0.0 536 1.74 16.6 RC 8671-5C-300
763277 12- 2~75 12-11 12876 177.4 4646 4646 JSH CAS 0.06 0.03 534 1,70 16,6 RC 85671-5C~400
763278 12« 3-75 12-11 12890 119.3 78.3 78.3 CAS-LSJ 0.05 0.02 490 1.71 18,1 RC 9671-HE~-200
763279 12~ 3-75 12-11 12920 88,8 53.2 - 53,2 CAS LSJ 0.07 0.0} 38 1.85 16,5 RC 8671-5C~500
763280 12- 3-75 12-11 12934 91,7 - 57.2 S7.2 CAS LSJ 0.06 0,01 516 1.83 17.2 RC 8671-5C-600
763281 12- 4=75 12~11 12651 7.1 33 3.3 CAS LRH 0.28 071 697 1.70 12.7 RC 5671=-75-300
763282 12~ 4~75 12-11 12962 114,3 69.8 69.8 CAS LRH 0.04 0,02 5643 2,12 16,3 RC 8671=SC=T00
763316 12- 4-75 12-11 12975 84.8 53.3 S3.3 LRH CAS 0.05 0.02 526 2.07 16.8 RC B8671-5C~800
763317 12~ 4-75 12-11 12999 9l.1 68.6 68.6 LRH CAS 0.08 0,01 441 2.02 20,1 RC 9671-HE=300
763318 12- 4-75 12-11 13010 79,2 48,7 48,7 LSJ LRH 0,08 0,02 542 2,47 16,4 RC 8671-5C~900
763319 12- 4-7S5 12-11 13023 80.9 S50.6 50.6 LSJ LRH 0,06 0,03 532 2.13 16,7 RC 8671=-SC~1000
NOTE:

This is vehicle IV 5 of Table 6. This is a prototype vehicle in the 4500 1b. inertia weight class with a 400 CID engine and a 260 inch
=zlleted catalyst 0.05 oz Pt/Pd (5/2 Ratio) but with no air pump. This system is designed to meet standards of 0.4, 3.4 and 0.4 gpm of
&, €O, and NOy.
~ooling -~ Three fans in front of the vehicle and another fan at the back wheel on the passenger side and blowing across the vehicle.
Preconditioning - 1000 miles of modified AMA driving with a fuel of 0.03% sulfur.
The test fuel was 0.03% sulfur.

GM sulfuric acid emission data give on enclosed graph.



TEST
NO.

763232
763233
763234
763235
763236
763237
763254
763258
763256
763257
763258
763259

TFST
DATE

12~
12-
12~
12-
12-
12~
12-
12~
12-
12~
12-
12~

NOTE:

1-75
1-75
1-75
1-75
1-75
1-75
275
2-75
2-75
2-75
2-75
2-15

ANAL
NATF

12-05
12-05
12-a%
12-05
12-95
12-15
12-08
12-n%
12-n5
12-05
12-95%
12-15

[aIRIP R

9701
9712
972%
Q73R
9748
9761
Q776
Q7R7
9790
9815
QR26
Q&40

HAS04
M/

2.1
14,2
25.2

1172.6
W, 2
44,3

|
45,7
S7.1
A9, 0
46,5
a4l A

This is vehicle IV 6 of Table 6.
a 260 cubic inch pelleted catalyst; and an air pump.

anz
NG/ ]

R e

o FoE]

$0a

1.0

27

14«0
7.1
2%a 7
27,0

felY
Pa,7
3460
Rhg T
230
In,7

gy

Qe R AT -

1O~ 1

IR

WF oy
1,0
S .7
A {1
1.1
2T

7 s
4%
2.7
38,0
An.T
25 0

1.7

TN N e

Sy 0T

[V

TR A VY I

[ AN T Ay |
LS i s
LS 8= 2 ,n2
(05 N AL BRI A |
CFY ds~ M)
L I8 0 Ny
PS5 D27
1S g8+ 0 g Na
JE= Cas D 0n
JEH A P
CAS LS a5
CAS 15 D05

Ui ale o

R N I Tae

Cu

el
(AN BRY
Delé
(o 3G
) g (372
Ueliy
e IR
De)7
160

efjl
ad3
0e31

(G/
coe2

679
L27
G5
49
K20
Sle
ARG
511
511
alz
516
515

“ALTHLy CLAaSSIC

M)
MNOX

1.35
1'24
a7
l1.11
1.21
.18
1.38
l.3%
1.36
1.?7
1.32
1.2%

S
T
v

13.0
16.%
17.5
19.1
17.1
17.3
13.3
17.3
I‘IQA
18.5
17.72
17.’;

13344305

COMMENTS

(TEST TYFE)

5224~75-300
BePu=5C-500
A224=-5C=7G0
I224=HFE =200
B8224=-5C-800
RZ24=-5C=900
5224=715=40n
8224-5C~1000
8274-5C~-1100
92 24=-HE~300
Hp2a-5C~1200
RP224=-SC-1300

JBN

Ge 1976

a}his vehicle is in the 4500 1b. inertia weight class and equipped with a 350 CID engine, a start catalyst,

This system is designed to meet standards of 0.4, 3.4, and 0.4 gpm of HC, CO, and NOy.

Cooling - Three fans in front of the vehicle and another fan on the passenger side.

Preconditioning - 1000 miles of standard AMA driving with an 0.03% sulfur fuel, then about 100 miles of dynamometer testing with fuel of
0.03% sulfur, and finally 1000 miles of modified AMA driving with fuel 0.03% sulfur.

The test fuel was also 0.03% sulfur.

M suL FURLC

® 200 W? cATALYST - 0.05 02 Pt/PJ
(sr2 RATIb)

A<D EmissioN

DATA GIVEN ON ENcLOSED GRAPH
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VFHTCLF ID : ASAQSTF11172} HORNF T
TeEST TEST anNal H2506  S02 % FUEL SULFUR FMISSIONS (G/MI,) COMMENTS
N0, NATF NATE  NNOM MG/MI MG/MI S04 SO2  RECOV DRV ANAL HC CO CN2 NOX MPG (TEST TYPE)
7A3097 11+192-78 11-2¢ 11721 &} 2.2 2.2 JSH FMM 0,22 2,26 SB1 0,54 15,2 PC S721-75-100
LC VS SAMPLE STARTED LATE ON RAG 3
7430096 11-12-7S 11-20 11732 16,8 11.9 11.9 JSH FMM 0,12 0.5 4E9 0,38 J8.9 RC 8771-5C-100
73005 11~13-7S 11-20 117645 29,5 2n.9 20,9 USH JUSH NL,1) D12 4AR N,6? 18,9 RC 9721=-SC-200
742996 11-18-75 11-2n 11759 54,6 41.6 41,6 EMM JSH 0,11 0,02 436 0,66 20,6 WC 9721-%F-10n
743707 11=15-75 11-20 11749 64,1 3n.4 30,4 EMM JUSH N,12 0,12 &R0 0,42 18,4 RC A721=-5C-30n
LC vaPTAN PEM STUCK NN FIRST ACCEL-0
VERSPEED
763008 {1~18~7% {]-24 11783 34,6 23.7 23.7 EMM JSH N,12 0,30 485 0,456 18,3 RC AT721-SC-40N
753126 11~-18=75 11-20 11807 4.0 3.0 2.0 LSJ JSH 0.39 3.67 SE&B 0.62 15,6 RC §721-75-200
I.LC =ANAGE | SPAN GAS SPANNED AS IF =a
NGE 2 SEAN GAS FOS (02
763127 11-19-7° 11-22 ]1R18B 31,2 21.9 21.9 LSJ JS= 0,12 0,21 471 0,38 18,8 B~ P72)~80-5)9
763178 11-16-7% 1}-20 1]1R3] 34,3 26,4 2646 LSJ LS N1l 0414 6451 0.4l 15,% RC 4721-SC=£00
743129 11~19-7¢ 11-2n 11365 43,8 47.9 47,9 JSH LSJ Ne09 0.07 428 G.RN 20,7 S 3771-~E-209
7A3130 11-19-7S 11-2¢ 11955 46,3 32,7 32,7 JSH LSJ N.NS 0,05 469 N.67 }$,7 «C 2721-S2-700
767131 11~19-75 {1-79 11868 S&,1 40.9 40.9 JSH LSJ .02 0.06 440 0.6> 25,2 &C 8721-5C-860
763142 11-20-7% 11-25 11891 5,9 2.2 3.2 LSJ JSH N,22 2.4Rh S60 N,49 15,7 FC 5721-75-200
762143 11=20-7% 11-2% 11902 37,5 27.4 27.6 LSJ JSH N,.12 0,26 455 0,35 19,5 #C A721-5C-900
) LT RAGS UNPLUGGED AT 1250 SEC
7631464 11-20-75 11-2% 11915 32,5 2640 24.0 LSJ 1LSJ N 12 0.22 449 0,37 19.7 *C 8721-SC-1000
763165 11-20=-76 11-25 11929 54,0 42,7 62,7 JSH LSJ N.11 0,06 421 0,52 21,1 RC 9721=-HE-300
763146 11~20-75 11-25 1193y 32,9 26.6 26,6 JSH LSU 0,12 0.26 647 0,37 }19.4 FL w721-5C-1100
7631647 11-20-7% 11-25 11952 38,4 ?8.R 28,8 JSH LSJ N.11 0.1 442 0.39 20.0 FC 8721-5C-1200
NOTE:

This is vehicle IV 8 of Table 6. This vehicle is a prototype vehicle in the 3500 1b. inertia weight class equipped with a 258 CID engine,
both an oxidizing catalyst (EngelhardITB) and a reducing catalyst, and an air pump. The catalysts are a Gould GEM 68 reducing catalyst and a
26 cubic inch Platinum and Palladium monolithic oxidation catalyst. This system is designed to meet standards of 0.4, 3.4 and)0.4 gpm of HC,
CO, and NO_. :

Cooling - Three fans in front of the vehicle and another fan at the side of the vehicle.

Preconditioning -~ 1000 miles of modified AMA with a fuel of 0.03% sulfur.

The test fuel was 0.03% sulfur.

Manufacturer's Results: FTP
HC gpm CO gpm NOy -gpm MPG
0.33 3.11 0.51 14.5

3 us covermvenT PTG ofFice. 1976 - 650-518/6E-002k
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Dear John:

The purpose of this note is to express my admiraticn for the
werk that you and your staff have done in preparing the technology
assessment report on automotive sulfuric acid emission control, which
report was forwarded to me this week by Eric Stork. The report seems
to do a vreally good job of pulling together what is knowr about this
subject, and by doing so will be valuable mnot only for deliberations
that are internal to EPA, but also to the many others outside of EPA
whq have 4 need to participate in discussions of this matter.

v ' :

Of course, we have become so used to excellent work of this type
from your group theit I fully expected this report to be up to your
usual steadards. Nevertheless, 1 think it appropriate to ask you to share
vlth your stafi that we recognize and appreciate that their wors so
consistently meets our high expectations.

Sincerelynyours,
.‘ :)

~

‘4
AN
VAN
Rogeﬁ/Strelow
Assistant.Administrator
for Air and Waste Management

Mr. John DeKany, Director

Emission Control Technology Division

Office of Mobile Source Air Pollution Control
Environmental Protection Agency

2565 Plymouth Road

Ann Arbor, Michigan 48105



