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SECTION I
INTRODUCTION

The continuing desire for lower and lower exhaust emissions demands that engines
be operated in a narrow range of engine adjustment; and as lower emissions are
required, the available range of engine adjustment becomes increasingly narrow.
This demand for invariant engine alignment creates a great need to keep deposits
from forming in sensitive areas such as the carburetor and intake manifold. The
obvious way to keep these sensitive areas clean is to use an effective cleaning
agent or additive in the fuels. Various suppliers have formulated many fuel
additives that effectively keep these sensitive areas clean, but have given little
attention to what happens to the additives during combustion and subsequent
emission as exhaust.

No standard procedure has yet been specified for testing the effect of fuel
additives in keeping engines clean, and no chemical procedures are available
for determining the amount or character of any additive-related materials that
may be emitted in the exhaust.

OBJECTIVE

The Environmental Protection Agency (EPA) has contracted with the Bartlesville
(Okla,) Energy Research Center (BERC) of the Energy Research and Development
Administration (ERDA) to develop a basic methodology for the standardization of
test procedures involving fuel additives, and to supply information relating

the effects of fuel additives upon pollutants emitted by late-model, spark-
ignition, reciprocating and rotary engines. The BERC has performed investigations
under three separate interagency agreements. The results of work performed under
the first agreement, No. EPA-IAG-097(D), have been reported to EPA under the
title,"Effect of Gasoline Additives on Gaseous Emissions'™, Briefly, the objec-
tive of that study was to establish a methodology for testing the effects of

fuel additive. The program included tests with a nommetallic, multifunctional
cleaning additive and a metallic, octane-improving additive used in conjunction
with five reciprocating engines (two stationary engines and three vehicles).

The results of work performed under the second and third agreements are presented
in this report. The effect of gasoline additives upon the emission of pollutants
from reciprocating engines and rotary engines was investigated. Although the
engine types tested under the two agreements differ considerably, the program
goals were similar, and separate reports would be redundant. Consequently, nc
differentiation is made between elements of the two agreements.

The purpose of the study was to determine whether additive fragments or additive-
related derivatives appear in the exhaust as a result of the presence of various
additives in the fuel and whether the use of these gasoline additives directly
effects the character and/or composition of normally emitted exhaust components,
Toward this objective, the number of fuel additives tested was increased to six,
and each additive was tested with four 1974 model vehicles, Vehicle and engine
classes represented were: (1) one economy vehicle with air-cooled engine, (2) two
vehicles with medium-sized engines representing a high, nationwide population

lEffect of Gasoline Additives on Gaseous Emissions. Environmental Protection
Technology Series, Report No. EPA-560/2-75-014, 1974, 64 pp.



percentage, and (3) one medium-to-light vehicle with rotary engine. In addition,
extended mileage tests were made using three of the six additives with a 1973
rotary engine mounted on a test stand.

As a result of the study, analytical methods developed specifically for nitrogen
compounds have been improved, and some insight has been gained concerning the
stability of several nitvogen compounds in the presence of auto exhaust.




SECTION II
CONCLUSIONS

This study was designed to produce test data from which conclusions could be
drawn concerning the effect of gasoline additives upon the emissions of pollu-
tants from spark ignition automotive engines., The scope of the study was as
broad as practical and included tests of several additives with both recipro-
cating and rotary engines, Periodic engine adjustment checks were made to
ensure their stability throughout the program.

Analytically, both "routine'" and specific exhaust measurements were made in an
effort to determine the fate of the additive material. Methods for the routine
measurements (CO, COp, HC, NOy, and aldehydes) are well established but prelim-
inary exhaust spiking experiments with the compounds included in the specific
measurements (nitrogen containing compounds other than NOy) were necessary to
eliminate repeated, nonproductive analyses,

The following are conclusions derived from the information generated by this
study.

In the presence of auto exhaust, the nitrogen compounds proposed for analysis
fall into one of four categories:

1. Unstable and not detectable--ammonia, alkyl and aryl amines, pyridines,
alkyl (and probably aryl) nitriles, and dialkyl N-nitrosoamines,

2. Stable but not produced in detectable quantities--aryl nitro compounds.
3. Unstable but usually detectable-~hydrogen cyanide and cyanogen.
4, Stable and produced in detectable quantities=--alkyl nitro compounds.

Aryl nitriles were not detectable in the exhaust samples, but since their insta-
bility was not determined, nondetectability may have been the result of either
decomposition or extremely low emission levels. The apparent instability of
hydrogen cyanide and cyanogen may have been caused by analytical inadequacies.

At the commercially recommended dosages, the presence of the tested additives

in gasoline would not have an immediate, measurable effect on the emission levels
of carbon monoxide (CO), hydrocarbon (HC), oxides of nitrogen (NOy), and aldehydes
unless several active fragments were produced by each additive molecule. The
recommended dosages are too small to produce (directly or indirectly) these
exhaust components in quantities large enough to measurably change the normal
exhaust levels unless some synergistic mechanisms were involved. Conversely,
additive fragmentation or action within the exhaust could conceivably effect

the much lower emission levels of CH3NO,, CH3CH9NOp, HCN, and NCCN.

The data, however, presented no evidence that the presence of any of the additives
in the fuel had an immediate effect upon the emission level of any of the measured
exhaust components. Though the fate of additive nitrogen was not determined
directly, it could, as stated previously, all appear as NOy without measurably
changing the exhaust concentration,



An inverse relationship was found to exist between NO, and nitromethane exhaust
levels of the vehicles involved in the program. The relationship of these
emissions from the stationary Mazda engine did not conform to that established
for the vehicles. Additional data points with NO, emission levels in the ranges
0 to 5 and 9 to 14 grams/test are needed to completely establish the NOx-CH3NO9
relationship.

Developmental experimentation specifically with cyanogen and hydrogen cyanide is
needed to establish the source of, and correct the analytical nonreproducibility
associated with these compounds.




SECTION III
EXPERIMENTAL APPARATUS

EXHAUST SOURCES

The vehicles, engines, and transmissions used in the program were as follows:

Vehicle Engine Transmission

1974 Ford sedan..ceeevsesseonces3dl=CIDeuuceecceseseeessautomatic
1974 Chevelle sedan....sesoesss330-CIDeurrvseseenssssesscautomatic
1974 Volkswagen sedaNesescscesecl,500 CCovvveveeneesasss.standard
1974 Mazda sedan..c.ceeessscecssstotary 2X35-CIDuesesssss..automatic
1973 Mazda engine..ceeveeeoeescorotary 2X35-CID..ecvss. . automatic

The 1973 Mazda engine was mounted on a test stand and coupled to an eddy-current
dynamometer with an inertial system to simulate actual vehicle driving.

The prototype staged-combustion or stratified-charge engine and the prototype
1975 catalyst-equipped medium sedan specified in the original work plams were
omitted from the program by mutual consent of EPA and BERC.

ADDITIVES

The fuel additives specified in the program were all nonmetallic additives and
are described below:

1. Chevron F310 (polybutene amine in a carrier oil) is a multifunctional
cleaning additive and deposit modifier., F310 dosage was 1,232 1b/1,000 bbl of
gasoline,

2. DuPont DMA4 (amine neutralized alkyl phosphate) is a multifunctional
cleaning additive and controls carburetor deposit formation. DMA4 dosage was
15 1b/1,000 bbl of gasoline.

3. Lubrizol 8101 (succinamid) is a multifunctional dispersant-type additive,
8101 dosage was 140 1b/1,000 bbl of gasoline.

4., Texaco TFA 318 (polyisopropylene carrier oil) primarily controls induc-
tion system deposit buildup and especially prevents the adherence of deposits
to the intake valve tulip. TFA 318 dosage was 220 1b/1,000 bbl of gasoline.

5. DuPont DMA 51 (carboxylate) is a multifunctional cleaning additive and
deposit modifier. DMA 51 dosage was 15 1b/1,000 bbl of gasoline.

6. Lubrizol 8101 and Texaco TFA 318 described above were used in combina-~
tion with a dosage of 140 1b Lubrizol 8101 plus 220 1b of Texaco TFA 318 per
1,000 bbl of fuel.



FUELS

The primary, unleaded fuel for the program was supplied by EPA, The high aroma-
tic fuel used in the program was a blend of the EPA fuel and a heavy platformate
stock. Inspection data for the fuels are presented in tables 1 and 2.
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TABLE 1. - Inspection data for test fuel

Distillation ASTM D-86

Evaporated, pct °F Reid vapor pressure 9.1 psia
5 112
10 122 Specific gravity 0.7334
20 141
30 160 FIA analysis, pct
40 172 .
Aromatic 23
50 194 .
Olefin 7
60 210 Saturate 70
70 227
80 240
90 285
95 341
Mole fraction summation
Carbon No. Paraffins Olefins Aromatics
1 0 0 0
2 0 0 0
3 0 0 0
4 0.0716 0 0
5 .3795 0.0096 0
6 .0532 .0128 0.0012
7 .0642 .0270 1436
8 1244 .0035 0469
9 .0219 .0024 .0208
10 .0056 0 .0096
11 .0023 0 0
Total 0.7227 0.0553 0.2221




TARLY 2. - Inspection data for high aromatic test fuel

Distillation ASTM D-86

Evapcrared, pct " F
5 128
10 140
z0 162
20 132
40 200
50 216
60 222
70 240
80 252
90 290
95 338

Specific gravity 0.7519

FIA analysis, pct

Aromatic 30
Olefin
Saturate 63

Mole fraction summation

Carbon No. Paraffins Qlefins Aromatics
1 0 0 0
2 0 0 0
3 0 0 0
4 0.0319 0 0
5 .1195 0.00736 0
6 L1467 000 0.0015
7 .0754 0327 .2506
€ L1581 0047 .0736
g L0212 0052 .0331
10 L0074 . 0007 .0173
H .0019 0 0
Total 0.5621 | £.0619 0.3761

-8~




SECTION IV
EXPERIMENTAL DESIGN

The vehicles were acquired new and driven in moderately severe highway driving

for 2,000 miles using clear test fuel to '"break in' the engine and stabilize
emission levels. The engines were adjusted to factory specifications and checked
regularly to ensure adjustments stability. Other than the specific items referred
to later in this report, no engine adjustments were changed or any items replaced
(other than regular oil changes) during the test program,

A1l vehicles were ''soaked" before testing in an appropriate 75° F area: howeaver,
the Ford and Chevrolet vehicles were tested on a large roll chassis dynamometer
at ambient temperature. Efforts were made to run the test with a minimum elapsed
time between the 75° F soak area and the uncontrolled ambient temperature area,
The Volkswagen and Mazda vehicles were both ''soaked" and tested in a controlled
environment of 75° F. The stationary engine while in an uncontrolled ambient
area used controlled temperature intake air.

Three separate routes or duty cycles were chosen for the different segments of
the program. Each vehicle was fitted with a recording tachograph to ensure
proper route profiles. The three routes were:

1. The city route, shown in figure 1, was chosen to simulate the driving
cycle of the Federal test procedure. The city route contains the same number
of stops, same average speed, and a similar 55 to 57 mph portion as thne Tederal
driving cycle and requires 20 minutes to complete.

2. The combined city and highway route consisted of 1 hour spent on the
city route described above followed by 1 hour of highway driving at an average
speed of 55 mph, resulting in an overall average speed of about 35 mph. The
highway portion involved a round trip from Bartlesville, OK to Pawhuska, OK,
some 50 miles per trip.

3. The highway route (duty cycle) was used for the test stand ergine only
and consisted of 50 mph constant speed at road load.

Data points for each additive for the reciprocating-engine vehicles (Ford, Chev-
rolet, and Volkswagen) consisted of a single test point with the clear fuel
followed by duplicate test points with the additive-treated fuel. Additional
single tests were conducted at 500 miles and 1,500 elapsed miles with the additive-
treated fuel followed by a single test with the high aromatic fuel treated with

the additive. The next series of tests for the next additive was taen begun
without further engine conditioning. The driving cycle for the recinrocsring-
engine vehicles consisted entirely of the repetitive city routes previocusiy
described. All six fuel additives were used in each reciprocating-rngire vehicle.

The rotary-engine vehicle tests consisted of a single data point with the clear
fuel followed by duplicate data points with the additive-treated fuel. Additional
single data points were collected at 1,000; 2,000; and 3,000 elapsed miles with
the additive-treated fuel. The final data point consisted of a sirgle test with
the clear fuel. The vehicle was then conditioned with clear fuel for 1,000 miles
of moderately severe highway driving before the series of tests with the next



additive was begun., The combined city and highway driving route was used with
the rotary-engine vehicle to accumulate mileage while using the fuel additives.
A1l six fuel additives were used in the rotary-engine vehicle.

Extended mileagc-accumulation tests were conducted using a rotary engine mounted
on a test stand "nd coupled to a dynamometer and an inertia system. A series

of tests for a single additive consisted of a single test with clear fuel at the
start, immediately followed by duplicate tests with the additive-treated fuel,
Comparison *est=, one test with clear fuel, and one test with additive-treated
fuel, were coenducted at 1,000; 3,000; 9,000; and 15,000 elapsed miles, Single
tests with the additive-treated fuel were conducted at 6,000 and 12,000 elapsed
miles. The engine was then conditioned for 1,000 miles with clear fuel before
tests with the next additive were begun. The highway duty cycle was used for all
accumulaticn work with the stationary rotary engine, Three of the six fuel addi-
tives were used ror the extended mileage tests with the stationary rotary engine,

ROUTINE ANALYSES
The 1975 Federal test procedure2 was used on all vehicular and engine testing.

Analytical methods for determining exhaust components included in the program
and considered to be routine are:

1. Total hydrocarbon by flame ionization detection (FID)--Beckman 400,

2. Nitrozen dioxide (NOy) and oxides of nitrogen by chemiluminescence--
Thermo Electren 1QA,

3. Carbcer monoxide and carbon dioxide (COj) by nondispersive infrared
(NDIR) absorption--Beckman 315.

4., Total! aldehydes by 3-methyl-2-benzothiazolone hydrozone (MBTH) colori-
metry® --Spectrenic 20.

The samples for tno+al aldehyde analysis were metered directly from the constant
volume sampling (CVS) system into the MBTF reagent solution, With this exception,
samples for all romitine analyses were collected from the CVS system in light-
proof Tedlar bags.

ANALYSIS FOR VITRAIGEN CGMPOUNDS

The basic mathecdelogr for nitrogen compound analysis was developed as a part of
a previous studv , and initially, these analytical procedures essentially were

2U.S. Code of Tad:ra! Regulations. Title 40--Protection of Environment; Chapter I--
Environmeatal Trozoction Agency; Part 85--Control of Air Pollution from New Motor
Vehicles and New .btor Vehicle Engines. TFederal Register, v, 39, No, 101,

May 23, 1974, pp. 16075-18084.

SCoordinating Rescarch Council, Inc. Oxygenates in Automotive Exhaust Gas:
Part I, Techniques {or Determining Aldehydes ty the MBTH Method. Report No.
415, June 1968, 21 pp.

“Effect of Gasoline Additives on Gaseous Emissions. Environmental Protection
Technology Series, Report No. EPA-650/2-75-014, 1974, 64 pp.
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duplicated. A PE-900 gas chromatograph was fitted with a Coulson electrolytic
conductivity detector and the appropriate column, Vapor samples were taken
directly from bags containing exhaust collected according to the 1975 Federal
test procedure and injected into the chromatograph via a 25 cm3 gas-sample loop.
Figure 2 shows a schematic of the analytical system. Separate injection systems
were installed on the chromatograph for basic or acidic compound analysis, and
each system was preconditioned with ammonia or hydrogen cyanide.

Three separate chromatographic columns provided the capability to separate and
distinguish the various nitrogen-containing compounds, and a fourth column was

ultimately used to obtain most of the nitrogen compound data,

Chromatographic conditions for the analysis of ammonia, light aliphatic amines,
and pyridine were:

1. Column: 10 feet by 1/8 in 0.D. stainless steel tubing packed with 15 pct
Carbowax 600 plus 10 pct KOH on 80/100 mesh Gas-Chrom R,

2. Carrier: Helium flowing at 48 cc/min.

3. Temperature program: Hold at 25° C for 2 minutes, then program at 5° C/
min to 120° C.

Substances such as acetonitrile, pyrrolidine, and cyclohexylamine also can be
analyzed on this column.

Chromatographic conditions for the analysis of all of the preceding nitrogen
compounds (but with less resolution), N-nitrosoamines, nitrosoaromatics, nitro-

aromatics, aromatic nitriles, and aromatic amines were:

1. Column: 3 feet by 1/8 in 0.D., stainless steel tubing packed with 15 pct
Carbowax 1540 plus 10 pct KOH on 80/100 mesh GC-22.

2. Carrier: Helium flowing at 52 cc/min.

3. Temperature program: Hold at 35° C for 2 minutes, then program at 6.5° C/
min to 180° C.

Molecular size for this column is limited to about Cg.

Initial chromatographic conditions for the analysis of cyanogen, hydrogen cyanide,
nitromethane, nitroethane, and acetonitrile were:

1. Column: 2-1/2 feet by 1/8 in 0.D. stainless steel tubing packed with
Carbopack B treated with three to four drops of H3PO4.

2. Carrier: Helium flowing at 42-1/2 cc/min.

3, Temperature program: Hold at -70° C for 6 minutes, then program at
13° C/min to 180° C.

-11-



Over 80 pct of the cyanogen, hydrogen cyanide, nitromethane, and nitroethane
data presented in this report was obtained using the following chromatographic
setup:

1. Column: 8 feet by 1/8 in 0.D. stainless steel tubing packed with
80/100 mesh Chromosorb 101,

2. Carrier: Hydrogen flowing at 165 cc/min.

3. Temperature program: O0° to 180° C at 13° C/min, then purge isothermally
at 280° C for 3 to 5 minutes,

Using a Soxhlet apparatus, the Chromosorb 101 was extracted for 4 to 5 hours
with methanol then 1 to 2 hours with constant-boiling hydrochloric acid prior
to column packing.

Nitrogen compound detection was provided by a Coulson electrolytic conductivity
cell. Chromatographic effluent was fed into a quartz catalyst tube at 700° C
where the nitrogen compounds were reduced to ammonia. A nickel wire bundle,
about 4-1/2 inches in length, acted as the reduction catalyst.

-12-



SECTION V
VEHICLE MALFUNCTIONS

Each reciprocating-engine vehicle had an incident worth noting. Approximately
800 miles into the Chevron F310 additive test, the Ford began making a tappet-
like noise; the source of the noise was found to be an untrue valve guide in the
engine head. The F310 tests were completed, the head with the faulty valve guide
was replaced, and tests were begun with the next additive.

A problem with the Volkswagen was encountered at about 500 miles into the test
with the Lubrizol 8101 fuel additive when a cylinder misfire was noted. The
misfire was caused by a loose tappet adjusting nut, and the result was a valve
that was not seating and a bent push rod. The push rod was replaced and the
valve readjusted. The test was continued rather than repeated from the beginning
after an emission check showed the emissions to be normal,

The Chevrolet vehicle was involved in a minor accident at about 200 miles into
the test using Texaco TFA 318. The accident resulted in damage to the front
bumper and front fender. Exhaust emissions were not measurably affected;
therefore, the test was continued.

-13-



SECTION VI
RESULTS AND DISCUSSION

The nitrogen compound classes to be analyzed were amines, pyridines, N-nitro-
soamines, nitriles, and nitro compounds., Individual nitrogen compounds included
were hydrogen cyanide and cyanogen. Of these compounds, only a few were found

to be present in exhaust at a detectable level. Analysis of exhaust samples
taken from the autos discussed in the Experimental Apparatus section of this
report gave peaks corresponding to (1) cyanogen, (2) hydrogen cyanide, (3) nitro-
methane, and (4) nitroethane.

Using the chromatographic conditions previously described for basic and neutral
compounds up to Cg, experiments were conducted in which light-proof bag samples
of CVS auto exhaust were spiked with compounds representative of the remaining
classes. The discussion of the results of these experiments is not offered as
proof that any particular nitrogen compound is not generated in the combustion
process, but as an indication of which compounds are likely to produce reliable
analytical results if generated in sufficient quantity.

The spiking experiments showed that most of the proposed nitrogen compounds are
unstable in auto exhaust with 30 pct or less ammonia, alkyl amines, aryl amines,
pyridine, and N-nitrosoamines remaining after 30 minutes. Acetonitrile seemed

to be somewhat more stable, losing about 60 pct in 60 minutes. The concentration
of nitrobenzene in exhaust remained stable for more than 60 minutes.

When mixed with exhaust, several of the nitrogen compounds produce reaction
products which are resolved by Carbowax 1540-KOH. The reaction products of
others appear as chromatographic smears, and in some cases, both peaks and smears
appear on the chromatogram., Some of the reaction products are relatively stable,
but generally they too decrease in concentration upon aging.

Since the objective of the spiking experiments was to determine the stability of
the nitrogen compounds when exposed to auto exhaust, only qualitative measurements
were made., The quantity of nitrogen compound injected into the exhaust sample
was several times that needed to produce a detectable level. This creates an
unrealistic situation with respect to the expected nitrogen compound levels in
exhaust, but destruction of large quantities of the nitrogen compounds indicates
the capacity of exhaust to reduce small quantities to levels below the detection
limit within relatively short periods.

Little effort was directed toward identifying the reaction products resulting
from the spiking experiments or determining the reaction mechanisms involved.
In some instances, more than one well-defined chromatographic peak appeared; in
others, only the destruction of the introduced compound could be followed. The
formation of N-nitroscamines from the action of auto exhaust upon secondary
alkylamines is noteworthy., Dimethylamine and diethylamine were injected into
separate exhaust samples, The retention time of the major peak to appear in
each of the exhaust chromatograms agreed exactly with that of the corresponding
N-nitrosoamine. As previously stated, however, the N-nitrosocamine peaks were
transient.

14~



CVS exhaust samples from the vehicles involved in the program failed to show
detectable levels fabnve 0,025 ppm nitrogen atom) of the basic compounds, nitriles,
or aromatic nitre comnounds. Analysis with the Carbowax 1540-KOH column was,
therefore, discontipnuaid,

The nitrogen-ccatcin’nr cmpounds proposed for analysis then fall into one of
these four catacr-srier:

1. Unstablec and ~o% detectable--ammonia, alkyl and aryl amines, pyridines,
alkyl (and proba:iy asvl) nitriles, and dialkyl N-nitrosoamines.

2. Stable but no: oroduced in detectable quantities--aryl nitro compounds,
3. Unstabhle hut "sually detectable--hydrogen cyanide and cyanogen.
4, Stable and preduced in detectable quantities--alkyl nitro compounds.

The stabiliry of a'ky'! nltr» compounds, cyanogen, and hydrogen cyanide has not
yet been discusse:dl. and .t is sufficient to say that nitromethane and nitroethane
analytical results ar2 relatively reproducible over a period of at least 1 to 2
hours. On the other hanc, cyanogen and hydrogen cyanide are rather elusive, and
successive analyses seldom produce like results. Unlike those compounds which
are unstable and not detectable, the concentrations of cyanogen and hydrogen
cyanide do nct ciearlv diminish with time but may actually appear to increase.
No reasonable explaration can be offered by the investigators for an increase

of these materials in exlhiiust standing at room temperature, and the nonrepeata-
bility has "rcen attrituted (at least in part) to inadequacies of the analytical
method, As a matter of rovtine, the analvtical cycle was kept as constant as
practicanle tfor all =amp’es with respect te¢ instrumentation and sample age.
Precise procedure renlicction was not al-rays possible or altogether successful,
as will bacme apparent l-iter in the discussion.

Cne recczni ~d analvtical deficiency, which defied all attempts to recify, was

an interfernnce cv:oe ¢ by water vapor in samples aralvzed for hydrogen cyanide.
Fven molo~u o1 nmruroe en containing water vapotr save a peak with a retention time
equivaie~t ' that of hydrogen cyanide. This interference persisted regardless
of the c¢cHlumn tvrs or ~hrrmatographic parametere (carrier, flow rate, temperature
prozran). The detection © stem was esserntially nitrogen compound specific, and
effrrts to es*ah’1r~h the s~urce of this unorthodox behavior were unproductive,
The erratic hz2navi-r of cyanogen and hvdrogen cvanide, however, cannot be explained
in terms of ir+evfarerca a"one., No corrcsponding water vapor interference was
found fcr zyarczoor o, the tests giving ~xceptionally high values for hydrogen
cvanide genernlly also gave high values for cyanozen (see raw data, appendix A),

Well into the toss w th 7710, peaks eluted from the Carbopack B-H3PO, column
began to brnader 1-d [inaliv became unacceptahle, For about 3 weeks, experiments
were conducted vl i:h wer, disigned to determine the cause of, and eliminate, the
water vapor in*erferonce ufth hvdrogen cyanide analysis. New Carbopack B-H3PO
columns, Chyomosnch 177, and Carbopack B-H4PO, in series with Chromosorb 101 all
failed to separat2 the .rp=erference pezk from hydrogen cyanide. Time did not
permit further experime-*tition, and nitrogen cormpound analyses were resumed near
the end of the DMA4 t~~%s, At this time, Chromosorb 101 was chosen as the pre-
ferred column.




For about 1 month after exhaust testing was resumed with the Chromosorb 101
column, hydrogen cyanide and cyanogen values were exceptionally high and tended
to drop as the column aged., Overnight conditioning of the column produced much
higher hydrogen cyanide and cyanogen values on one occasion; and on another,
inadvertent injection of air into the hot column produced the same results., The
additives being tested with the vehicles during this period were primarily DMA4
and Lubrizol 8101 with high test values for the column conditioning and air
injection into the hot column occurring during the DMA51 and TFA 318 tests,
respectively. TF310 was being tested with the stationary Mazda engine during
this period. The variability for hydrogen cyanide and cyanogen during the
latter part of the program was greater than would normally be expected, but the
day-to~-day fluctuations were not nearly so great as they were when the Chromo-
sorb 101 column was new. The evidence then points to some analytical deficiency
being responsible for the highly anomolous hydrogen cyanide and cyanogen values
with sample stability possibly entering into the less radical value fluctuations.

The analytical difficulties encountered during the program have largely decreased
the value of the hydrogen cyanide and cyanogen information given in this report,
The levels of these compounds in exhaust can, at best, only be considered as
estimates, and any particular conclusions drawn must be viewed with a certain
amount of reserve. The evidence, however, does strongly suggest that these
compounds are commonly emitted auto exhaust components. The most likely route

in establishing the source (or sources) of the analytical variability would be
development of a method for direct hydrogen cyanide calibration and experimentation
with known quantities of the compounds exhibiting unusually high analytical
variability.

The chromatographic system for nitrogen compound analysis is illustrated in
figure 2, Examples of exhaust chromatography are presented in figures 3 and

4. The original retention times on the Carbopack B-H,PO, column were up to

2 minutes longer, but were shortened over a period of several days by periodic
calibration with a methanol solution of nitromethane and nitroethane. Cyanogen
is below the detection limit in figure 3, but the retention time is indicated.
Oxides of nitrogen injected into the columns give backgrounds similar to those
in the figures,

A water solution of known quantities of nitromethane and nitroethane was prepared
for calibration when it became evident that the retention characteristics of the
Carbopack B-H3PO, column were changing and methanol was suspected as the cause
of the change. There was no measurable difference in detector response to these
nitro compounds eluted from either the Carbopack B-H3PO4 (before peak broadening
occurred) or the Chromosorb 101 column, The mean and standard deviation for
detector response was calculated from all of the daily cal%brations made during
the program and was found to be 4.05 x 107° 4 0,99 x 10 ~*° nitrogen atom per milli-
volt, The noise level was 0,02mV-0.04mV and the detection limit (twice the noise
level) was about 2.5 x 10-** nitrogen atom. Considering day~to~day fluctuations

. . -11 -11
of sensitivity and noise gives a limiting range of 1,2 x 10 - 4,0 x 10
nitrogen atom,

The raw data for both routine and nitrogen compound measurements are given in

appendix A, All tests were made according to the 1975 Federal test procedure and
values reported for the individual bags and for the weighted composite. Units
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are grams/test for the individual bag samples and grams/mile for the composites.

Individual bag concentrations were calculated from the experimental data according
to:

R x FR XV x °R x M x 1630.55

bag concentration, g/test = 5 (1)

where,
R = detector response (divisions)
Fr = response factor (moles/division)
V = standard volume of exhaust plus dilution air (cu ft/test)
°R = test temperature (degrees Rankine)
M = molecular weight (grams/mole)
P = barometric pressure (mm Hg)

Composites were calculated using the formula:

0.43(Bag,, g/test) + Bag,, g/test + 0.57(Bag,, g/test)
composite, g/mi = 775 (2)

When one, or more, of the three bag samples from a test contains an immeasurable
level of an exhaust component, a choice must be made concerning the calculation
of the composite (formula 2). An immeasurable level can be considered to be

zero or an estimate of the probable level can be made, Considering a component
that is normally found in one or more of the three bag samples, it is unlikely
that the level will be absolutely zero in the remaining bag or bags. Also, it

is unlikely that one spark-ignition, internal-combustion engine will produce a
measurable quantity of a substance and another produce absolutely zero. There~
fore, maximum probable levels were estimated for bag samples falling in this
category before the composite sample values were calculated., A very small (less
than 0.04mV) but definite recorder deflection (cf - cyanogen, figure 4) has been
designated as trace (T), and no discernible recorder deflection at the retention
time of a component has been designated as below the detection limit (BDL). For
composite calculations, a trace level was estimated to be no more than 2.9 x 10-°
nitrogen atom per test in sample bag No. 1 or 3 and no more than 4.9 x 10-° nitro-
gen atom per test in sample bag No. 2. These values are simply those giving 0.5
to 0.75 divisions of racorder deflection at %4.0mV full scale. When a sample
produced no definite recorder deflection for a component, these values were halved
for the composite calculation. The estimated T and BDL levels all fall below

the reported detection limit and are considered only as the maximum levels that
could have been present in the samples. Calculating composite values in this
manner allowed assignment of real numbers for the statistical analysis given in
table 3 and discussed later in this report.
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To determine the deleterious effect of a gasoline additive upon exhaust emissions,
consideration must be given to both immediate and long-range emission level and
composition. Immediate changes (from clear fuel to fuel with additive) in level
or composition may indicate a direct effect with the additive or additive pro-
ducts appearing in the exhaust, or indirect effects by altering the combustion
characteristics of the fuel or acting upon normally emitted products in the
exhaust. Long-range changes (extended use of fuel with additive) attributable

to an additive are indirect when viewed as the result of the additive's ability

to alter, form, prevent formation of, or remove engine deposits, However, the
immediate effect of the additive may change as deposits change.

A1l of the additives tested in this program are nommetallic, engine-cleaning
agents, and the engines used were initially clean. Therefore, changes in
emissions should have resulted from the appearance of additive or additive pro-
ducts in the exhaust, additive action upon normally emitted products in the
exhaust, and/or deposit formation. Thus, with initially clean engines and no
control (a second engine operated exclusively on clear fuel) run in parallel
with the extended mileage test engine, program design places emphasis upon the
immediate effects of the additives even though these effects might be the result
of long~term additive use.

The highest level of nitrogen in the exhaust which could be derived solely from
additive was about 0.015 gram/test in the first bag. The nitrogen contents

of the various additives were obtained from the manufacturers. Using these

values and the dosages reported in the Experimental Apparatus section of this
report, the additive~-nitrogen levels in the fuel were calculated as grams nitrogen
per liter fuel:

Additive N content of fuel

F3l0.eeieeeeeeseenasaossennenanssaess0.01134
Lubrizol 810l,..000eeneensecsseseaess 00513
Lubrizol 8101 + TFA 318....¢000000.. .00513
DMAL, s ieeonsoasasseeascssassssassses 00189
DMASL . uuceveoanssncnssvsansansasosens »00127

Fuel consumption and CVS system output from a Mazda vehicle test were used to

calculate the maxirum additive-derived nitrogen exhaust level reported above.

Assuming 100 pct corversion of the additive-nitrogen to a single nitrogen com-
pound in the exhaust, this level would give a deflection of about 25 divisions
on a 4mV full-scale recorder.,

By comparing the lowest maximum possible emission level for additive-nitrogen to

the emission levels of the exhaust components (appendix A), it is obvious that addi=-
tive-nitrogen apnearance as nitric oxide or NOy, or additive action upon any of

the routinely measured exhaust components would not measurably affect their emis-
sion levels (except in the event that several active fragments were produced by

each additive molecule)., On the other hand, emission levels of nitromethane,
nitroethane, hydrogen cyanide, and cyanogen could be affected to a large extent

if one or more of these compounds were additive-related reactants or end products

of the additive combustion process.
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There was no immediate additive-related effect upon emissions. This is shown

by comparison of emission levels obtained using fuel with additive to those
obtained using high aromatic fuel with additive and clear fuel. This information
is given in table 3. With the exception of those indicated as not being included
in the reduced data, all values in appendix A were used for the table 3 computa-
tions. For each group of values, the mean (X) is given by:

X = (3)

where n is the number of values within the group. The standard deviation (o) of
each group is expressed as:

ox° - Zx)2

o, = ——— (4)

and the test for the independence of two groups of values (tj) was calculated
according to the formula:

_ X -y
t; = (5)

2 | ?
(nX -1 o  + (ny 1) Cy 1+ 1
n +n -2 n n

x and y representing the two groups of values being compared. In all cases,

x is used to represent the values for the standard fuel with additive. Because
there were only two data points for clear fuel with each additive, two t; values
were calculated for the Mazda vehicle. All t; values enclosed by parentheses
compare all values from a particular engine using a specific additive to the
values from all tests of that engine using either clear or high aromatic fuel,
Those t; values not enclosed by parentheses compare the additive values only to
the clear fuel values cbtained during tests made using that additive. The
significance of tj increases as n for both groups being compared increases.
Therefore, the enclosed t; values are the more significant. In all cases, n

for at least one of the two compared groups is as small as 4 to 7. For n values
in this range, t; shows some degree of independence between the two groups of
values when its absclute value is greater than approximately 2.5. Sign denotes
the direction of deviation of the y group from the x group.
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TABLE 3. - Independence of emissions with and without additive

Carbon Monoxide

Hydrocarbon

Emissions, g/mi (mean & S.D.) Emissions, g/mi (mean & S.D.)
1 2 3 1 2 3
High High
aromatic Test for aromatic Test for
Fuel with Clear fuel with independence Fuel with| Clear fuel with| independence
Additive additive | fuel additive ti(1&2) [ti(l&S) additive fuel additive ti(1&2) l t1(143)
VOLKSWAGEN
F310 20.5+2.6 19.5 18.6 (-2.56) (-2.59) 2.39+.29 2.39 2.38 (-1.11) (-1.48)
DMA4 24.043.2 24.5 26.4 (-1.14) (-1.24) 2.51+.14 2.35 2.78 (- .37 (- +93)
LUB 8101 27.0+4.6 25.9 32.7 ( .02) (- .13) 2.63+.16 2.73 2.76 ( .9 ( .22)
DMAS1 30.6+3.2 30.6 27.8 ( 1.38) (1.15) 2.63+.15 2,51 2.49 ( .88) ( .18)
TFA318 29.1%2.6 30.7 28.5 ( .84) ( .64) 2.47+.10 2.65 2.46 (- .81) (-1.34)
8101+318 29.8+1.4 30.5 30.3 (1.18) ( .94) 2.58+.09 2.61 2,76 ( .50 (- .23)
Total 26.8+4.5 |27.0+4.5 127.444.8 ~-0.07 -0.28 2.53+.18 [ 2.54+.15{ 2.61+.18 -0.09 -0.90
FORD
F310 31.043.6 39.6 39.7 (-0.95) (-1.53) 2.61+.12 2.74 3.17 (-0.05) ( 0.04)
DMA4 29.6+3.9 24.3 37.6 (-1.35) (-2.06) 2.56+.22 2.19 2.97 (- .37) (- .18)
LUB 8101 36.6+3.5 38.4 32.6 ( .75 ( 92) 2.87+.34 2.95 2.14 ( 1.31) (1.07)
DMAS51 25.8+1.2 37.0 30.3 (-2.78)* (—4.70)* | 2.44+.24 2.69 2.63 (-1.13) (- .74)
TFA318 26.741.9 30.2 34.6 (-2.42) (-6.01)*% | 2.44+.27 2.51 2.41 (-1.09) (- .73)
8101+318 32.342.0 35.4 32.4 (- .59) (-1.12) 2.35+.13 2.64 2.30 (-1.92) (-1.20)
Total 30.3+4.5 |34.2+45.8 |34.5+3.5 -1.75 -1.69 | 2.54+.27| 2.62+.26]| 2.60+.40]  -0.63 -0.44
CHEVROLET
F310 37.7+45.1 34.0 33.4 (-1.69) (-1.16) 1.21+.19 1.01 0.93 (-0.80) (-0.50)
DMA4 40.047.5 59.7 51.0 (-1.13) (- .63) 1.24+.35 1.30 1.51 (- .58) (- .24)
LUB 8101 46.0+7.3 50.3 56.4 (- .04) ( .48) 1.30+.19 1.49 1.50 (- .36) ¢ .10)
DMAS1 36.5+4.3 47.7 40.5 (-1.97) (-1.44) 1.13+.12 1.27 1.49 (-1.21) (-1.08)
TFA318 35.3+4.1 47.5 35.6 (-2.22) (-1.70) 1.36+.27 2.08 1.02 (- .08) ( .43)
81014318 42.0+6.3 38.1 43.7 (- .80) (- .28) 1.22+.22 1.09 1.24 (- .7 (- .39
Total 39.6+6.4 [46.249.1 143.448.9 -2.09 ~-1.23 1.244.22 1.374.39] 1.28+.26 -1.13 -0.40
—_— -
MAZDA VEHICLE
F310 22.5+1.8 21.6+0.9 0.71(0.44) 2.40+,200 2.15+.15 1.60(3.60)*
DMA4 18.143.4 18.2+40.1 - .03(-1.29) 1.81+.37| 1.76+.16 .20(-0.57)
LUB 8101 20.041.7 20.0+0.1 .06(~0.58) 1.78+.10 1.74+.21 .33(-1.00)
DMAS1 21.3+6.1 28.9+11.8 -1.19(-0.04) 1.59+.26| 2.10+.58 +1.75(-2.18)
TFA318 22.3+1.8 20.7+3.8 L84(0.37) 2.08+.23) 2,00+.07 L44(1.21)
8101+318 | 22.4¥3.0 19.442.1 1.30¢0.38) 1.90+.17] 1.69+.11 1.55(-0.05)
Total 21.1+43.4 21.445.3 -0.23 1.93+.34} 1.91+.28 0.18
STATIONARY MAZDA
F310 24.246.3  |20.6+h.1 1.58 3.03+.35] 2.82+.53] 0.89
DMA4 19.0+4.0 18.9+4.8 .01 2.41+.43] 2.32+.29 42
LUB 8101 24.7+3.2 22.441.6 1.44 2.99+.80f 2.55+.37 1.16
Total 22.7+4.5 20.6+3.8 1.47 2.82+.59| 2.58+.44 1.37
[ N S .

#No overlap of standard deviationms.
( ) Each additive compared to total value for columns 2 and 3,
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TABLE 3. - Independence of emissions with and without additive
Continued

Nitrogen Oxides

Aldehydes

Emissions, g/mi (mean & S.D. Emissions, g/mi (mean & S.D.)
1 3 1 2 3
High High
aromatic Test for aromatic Test for
Fuel with Clear fuel with 1ndependence Fuel with | Clear fuel with independence
Additive additive fuel additive t1(162) [ ti(1&3) | additive fuel additive [ ti(1&2) [ti1e3)
VOLKSWAGEN
F310 3.17+.30 3.19 4.13 (-3.07)* [ (=5.20)* [0.071+.012 | 0.077 0.082 (-1.19) (-0.40)
DMAS 3.70+.52 3.88 4.18 (- .74) (-1.97) | .079+.013| .070 .076 (- .15) ¢ .33)
LUB 8101 4.09+.11 3.88 3.86 C 7D (- .75) | .086+.009| .084 .082 ¢ .92) (1.09)
DMAS1 4.93+.22 4.19 4.47 ( 4.36)% | ( 3.86)*% | .104+.012 | .093 .099 ( 3.45)% ( 2.88)*%
TFA318 4.18+.27 4.45 3.96 ( 1.06) (- .21) | .081%.004| .088 . 065 ( .21) ¢ .63
81014318 4.35+.31 3.95 4.71 (1.73) ( .65) |.0724+.010| .067 . 048 (-1.20) (- .35
Total 4.07+.62 | 3.92+.42 | 4.22+.32 0.54 -0.56 .082+.015 |. 080+. 010 |.075+.017 0.36 0.98
FORD
F510 3.13+.22 3.09 3.47 (-1.05) (-2.13) [0.106+.034 | 0.109 0.131 118 (~0.83)
DMA4 3.63+.39 2.60 3.94 ( .32) (- .21) | .140+.018| .123 .093 ( 1.59) ( 1.66)
LUB 8101 3.70+.27 4.56 2.83 ( .51) ( .01) {.122+.003] .125 .113 - .15) ¢ .20)
DMAS1 3.87+.54 3.76 3.75 ( .86) ( .52) |.152+.007) .115 .150 ( 3.62)% ( 3.20)*
TFA318 3.57+.26 3.22 4.00 ¢ 1D (- .45) | .145+.017] .151 .113 ( 2.08) ( 2.07)
8101+318 4.00+. 32 3.84 4.18 ( 1.31) ( 1.09) |.115+.017] .117 .118 (- .85) (- .41)
Total 3.65+.41 | 3.51+.69{ 3.70+.49 0.64 -0.23 .130+.024 {.123+.015 |.120+.019 0.65 0.98
B DU
CHEVROLET
F310 1.84¥.16 | 2.20 2.02 (- .95) (-1.08) J0.120+.012[ 0.110 | 0.112 (0.69)  JC2.200
DMAL 1.95+.12 2.24 1.71 (- .13) ( .07) |.117+.014| .086 .095 (.31 (1.62)
LUB 8101 1.85+.29 2.00 1.86 (- .70) (- .68) | .122+.006| .116 . 087 ¢ .92) ( 2.84)*
DMAS1 2.03+.17 1.80 1.92 ( .44) ( .84) | .129+.020| .128 114 ( 1.34) ( 2.53)
TFA318 1.88+.31 1.62 2.14 (- .49) (- .42) | .121+.008] .125 .105 (¢ .80) ( 2.55)
8101+318 1.94+.42 1.94 2.01 (- .14) (-~ .03) |{.103+.012] .119 112 (-1.24) - .19
Total 1.914+.24 | 1.97+.24 | 1.94+.15 -0.47 ~0.28 .119+.014 {.114+. 015 |.104+. 011 0.70 2.32
MAZDA VEHICLE
F310 1.33+.16 | 1.20+.11 1.08(1.15) 0.162+. 016 L.131+.003 2.53%(1.61)
DMAL 1.30+.07 | 1.27+.04 .52(1.99) .120+.025(.100+.013 1.07(-0.66)
LUB 8101 1.29+.12 | 1.31+.06 - .26(1.34) L141%.018 [.120+. 013 1.53( 0.48)
DMAS1 1.18+.07 | 1.18+.07 - .07(-1.23) .122+.027{.169+.098 -1.11(-0.56)
TFA318 1.21%.03 | 1.16+.02 2.72%(~0.28) .162+.025.151+.022 .58 (1.58)
81014318 1.25+.04 11,23+, 03 .76(0.89) .143+,0121.127+. 004 1.74%(0.55)
Total 1.26+.10 | 1.22+.07 1.14 .142+.026|.133+.038 0.89
u N L
STATIONARY MAZDA
F310 0.98+.22 | 0.96+.27 0.18 ) 0.202+.043]0160+.029 ( 2.05
DMA4 .72+.06 .69+.06 .81 .161+.047 | ,163+.050 - .09
Lub 8101 L72+.15 L67%.12 .68 .218+.090(,223+.086 - .11
Total L2620 | 0.78+.22 0.47 .192+.063].182+.062 0.48

*No overlap of standard deviationms.
( ) Each additive compared to total value for columns 2 and 3.
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TABLE 3, - Independence of emissions with and without additive
Continued

HYDROGEN CYANIDE CYANOGEN
Emissions, g/m: (mean & S.D.) Emissions, g/mi (mean & S.D.)
1 2 3 1 2 3

High High
aromatic Test for aromatic Test for

Fuel with (lear fuel with 1ndependence Fuel with Clear fuel with 1ndependence
Additive additive fuel additive t1(1&2) t1(1&3) additive fuel additive t1(1&2) t1(1&3)

VOLKSWAGEN
F310 0.0115+.0028 | 0.0151 -- (-2.69)* | (-2.89)% 0,0001£.0000[ ©0.0001 -- (-1.54) (-2.32)*
DMAG -- -- -- -- -- .0022 .- -- -- --
LUB 8101 .0208 -- 0.0208 -- -- -- -- 0.0028 .- -
DMAS1 .0234+.0048 .0328 L0139 (- .09) ( 1.02)| .0025+.0014 .0037 .0010 ( 1.06) ( .84)
TFA318 .0181+,0046 0178 .0260 (-1.03) (- .47)| .0006x.0002 .0003 .0029 (- .66) (-1.11)
81014318 .0204+.,0028 .0297 .0187 - .7 ( .17)] .0009+.0008 .0014 .0001 (- .57) (=1.07)
Total 0.0185+,0056 |0.0239+,0087 [0.0199+,0050 -1.54 -0.44 | 0.0011+.0013 [0.0014+.0017 | 0.0017+,0014| 0.30 -0.77
FORD
F310 0.0125+,0022] 0.0048 - ( 3.43)% [ (-0.43)] 0.0001+.0000] 0.0001 - (-1.00) (-1.60)
DMAG .0071 -- -- -- -- .0001 -- .- - -
LUB 8101 .0343+,0062 -- 0.0114 ( 7.76)* | ( 3.17)%1 .0019 -- 0.0014 -- -
DMAS1 .0160+.0094 .0065 .0107 ( 1.68) ( .24)| .0011%.0008 .0009 . 0006 ( 1.38) ¢ .94)
TFA318 .0140+,0039 -- .0257 2,92 | (- ,09)] .0002+.0002 .0025 0001 (- .59) (-1.25)
8101+318 .0144+,0075 .0087 ,0100 ( 1.7D) (~ .01)| .0002+,0001 .0001 . 0004 (- .73) (-1.51)
Total 0,0163+.0090 {0,0067+.0020 [0.0145+.0075 1.79 0.37 | 0.0005+.0006 {0.0004+,0005 | 0.0006+.0006 0.26 -0.45
CHEVROLET

F310 0,0114%.0019] 0,0046 -- ( 1.42) ( 3.66)] 0.0001+.0000] 0,0001 “- (-1.20) (-1.07)

- -- -- -- .0001 .- - -- -
DMAS1 .0087%,0057 0033 .0049 ¢ .30 ¢ .96)| .0003+.0001 . 0004 .0002 C .79) ¢ .19)
TFA318 .0072+,0033 L0104 .0073 (- .14) ( .71)| .0003+.0001 .0002 . 0001 ( .52) (¢ .00)
81014318 .0070+.0058 .0120 .0032 (- .18) ¢ .39)| .0002+.0002 .0001 0001 ¢ .21 (- .16)
Total 0.00942,0060 {0.0076+.0043 [0.00584+.0021 0.57 1.18 | 0.0002+.0001 {0.0002+.0001 | 0,0003z.0002 -0.30 -0.30

MAZDA VEHICLE

F310 0.00144,0001| 0.0176 (=2.12)* 0.0001%,0000[ 0.0001 (-1.09)
DMA4 .00404, 0007 .0025 (- .92) .0003+,0003 .0002 ( 1.03)
LUB 8101 .00934,0021 .0055 (2.16) .0003+.,0000 .0002 ( 3.06)%
DMAS1 .0084+.0040 | .0100+.0033 - L48(1.19) .0002+.0000 | .0003+,0001 -1.92¢ .05)
TFA318 ,0083+,0030 | .0050+.0010 1.45(1.37) .0001+.0000 | .0002+,0001 -1.89(-1.76)
8101+318 .0039+,0012 | .0050+.0000 =1.16(~1.50) .0001+, 0000 ] .0001%,0000 .00(-1.24)
Total 0.0066+,G036 [0.0060+.0029 0.43 0.0002+,0001 {0.0002+.0001 0.20

STATIONARY MAZDA

F310 0.0182+,0220 {0.0079+.00811 0.98 0.0003+.0002 {0.0002+.0002 0,73
DMA4 .0030+,0018 | .0014+,0008 1.93 .0001+.0000] .0001+.0000 .00
LUB 8101 .0027+.0013 [ ,0025+.0014 .28 .0001+.0000 | .0001+.0000 .00

Total 0,0029+,0015 {0,0019+.0012 1.62 0.0001+.0001 [{0.0001+.0001 0.47

*No overlap of standard deviations.
( ) Each additive compared to total value for columns 2 and 3.

1/Not included in total.
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TABLE 3. - Independence of emissions with and without additive

Continued
NITROMETHANE NITROETHANE
Emissions mi_(mean & S,D.) Emissions, g/mi (mean & S,D,)
1 2 3 1 2 3
High High
aromatic Test for aromatic Test for
. Fue} ttnth Clear fuel with independence Fuel with Clear fuel with independence
Additive additive fuel additive ti(1&2) ti(1&3) additaive fuel additive ti(1&2) ti(1&3)
VOLKSWAGEN
F310 0.0026+.0012] 0.0041 -= (-1.65) (-0.15) 10.0007+.0002[ 0.0010 - ( 0.93) ( 3,10)*
DMAL .0036 - 0.0040 - -- .0008 -- 0,0005 - --
LUB 8101 L0040 .0035 .0020 -- -- 0004 .0005 0004 -- --
DMAS1 .0042+,0009 .0038 .0028 ( 1.23) ( 2.56) | .0004+,0001 .0004 L0004 (~ .86) ( .16)
TFA318 .0030+,0007 .0027 .0020 (~1.44) ( .56) | .0004x,0001 .0004 .0004 (- .86) ( .16
8101+318 .0030+,0003 .0039 .0029 (-2,06) ( .54) | .0004+,0000 .0004 .0004 (-1.06) (~1.00)
Total 0.0033+,0009 |0.0036+.0005 | 0,0027+.0008 -0.71 1.29  |0.0005+.0002 [0.0005+.0003 | 0,0004%.0000] -0.56 6.97
FORD
F310 0.0051%,0012 | 0.0037 = ( 8.18) ( 1.37) [0.0010+.0002 ] ©.0008 - ( 0.80) ( 3.28)*
DMAL .0058 -- -- - -- . 0006 - -- - --
LUB 8101 .0061+,0013 0080 0.0027 ( 1.04) ( 2.65)% | ,0006.0002 .0014 0.0004 (- .33) ¢ .91
DMAS1 .0045+,0009 .0036 .0033 (- .27) ( 1.04) | .0004+,0000 0004 0004 (-1.26) (-1.00)
TFA318 .0043+,0008 .0048 .0051 (- .48) ( .81) | .00044,0000 .0004 0007 (-1.26) (~1.00)
81014318 .0047+,0004 0038 . 0040 (- .08) ( 1.66) | .0004+,0001 .0004 . 0004 (-1.14) (- .63)
Total 0.0049+,0010 |0.0048+.0019 | 0.0038+,0010 0.19 2.02 0,C005+,0002 [0.0007+,0004 | 0.0005+.0002 -1.24 0.37
CHEVROLET
F310 0.0081+.0008 [ 0.0101 -- (-1.86) (-3.40)* [0.0012+,0002 | 0.0012 -~ (-1.37) (-2.38)*
DMA4 0132 -~ -- -- - 0025 - - -- -
LUB 8101 .01362+,0032 .0208 0.0123 ¢ .13 ( 1.31) | .00244,0006 0041 0.0025 ¢ .28) ( 1.19)
DMAS1 .0118+.0008 . 0094 .0093 (- .54) (¢ .50) |.0018+.0007 .0014 0014 (- .59) (- .30)
TFA318 .0113+,0017 .0121 L0124 - .79) ( .02) [ .0018+.0003 .0017 .0022 (- .63) (- .42)
8101+318 .0109+.0020 .0138 L0112 (- .95) (- .33) [ .0018+.0005 .0027 .0017 (- .60) (- .34)
Total 0,0113+.0024 [0.0132+.0046 | 0.0113+.0014 -1.35 -0,03  [0.0019+,0006 [0,0022+.0012 |0,0020+,0005 -0.98 -0.28
MAZDA VEHICLE
F310 0.0099+.0008 | 0,0131 (-1.98)% 0.0016+.0000 | 0.0019 (-1.41)*
DMA4 .0121+.0018 .0117 (-1.02) .0022+,0002 .0024 ( .11)
LUB 8101 .01174,0015 L0099 (-1.56) .00194.0003 L0012 (- .99)
DMAS1 .01074.0037 | ,0179+,0013 ~2.56%(-1.83 .0019+.0004 |.0028+,0002 -2,83% (- .95
TFA318 .0176+.0011 | ,0141+,0001 4,03%(2.93)% .0028+.0003 |.0023+,0001 1.92%(2.53)4
81014318 .0145%,0021 | .0128+,0006 1.1t ( .53) .0022+.0005 |.0018+,0000 1.04 ¢ .23)
Total 0,01314.0033 {0.0138+,0027 ~0.53 10.0021+.0005 P.0021.0005 0,01
1
STATIONARY MAZDA
F310 0.0126+.,0032 [0, 009%+,0039 1.23 0.0031+.,1009 [0,0023+.0008 1.34
DMAL L0063+,0024 | .0059+.0009 .39 .0013+,0005 !.0012+,0003 .43
LUB 8101 .0098,0038 | ,0080x,0042 .77 .0023+,0009 |.0022+.0010 .33
Total 0.0093+,0040 {0.0079+,0035 1.04 0,0022:,0710 [0,00194, 0009 0.76

*No overlap of standard deviations,
( ) Each additive compared to total value for columns 2 and 3.
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For an additive to show an influence upon the production of an exhaust component,
all (or at least the majority) of the engines tested should give significant t;
values (with the same sign) for that additive and that component when values
obtained using fuel with additive are compared to values obtained from using
clear fuel [t;(1 & 2)]. This is not the case. The F310 influence upon hydro-
gen cyanide production may at first glance appear to be real with three of five
engines giving t{ values with some degree of significance. However, several
values for F310 are missing from the raw data, and two of the three significant
tiy values are negative while the third is positive. The same arguments essen-
tially negate a certain amount of independence shown for nitroethane and hydro-
gen cyanide production between the fuel with F310 and high aromatic fuel with
F310 [t1(1 & 3)]1.

Bar graphs have been constructed for quick, unambiguous comparison of nitrogen
compound emission levels with and without the various additives tested. These
data are presented in figures 5 through 8. Values for the routine emission
measurements have been omitted from these graphs because of their relatively
high emission levels, and cyanogen, with exceptionally high standard deviationms,
also has been omitted.

The duty and test cycles for the Mazda stationary engine were considerably
different from those for the vehicles. The data for the Mazda engine have,
therefore, been presented separately and in slightly different form from those
of the vehicles, 1In figure 5, the mean exhaust level and standard deviation
for each component from all tests with an additive are compared with those from
tests made with clear fuel when that particular additive was being tested. The
number of samples is shown at the lower end of each bar. Data for the four
vehicles have been grouped for comparison of exhaust levels from the various
vehicles as well as exhaust levels from a particular vehicle using fuel with
additive or clear fuel. Each additive~labeled bar gives the mean value and
standard deviation for all tests made with that vehicle using that additive in
the fuel. (The tests with high aromatic fuel and additive are also included.)
Each bar designated by the word ''clear' gives the mean value and standard devia-
tion for all tests made with that vehicle using clear fuel regardless of the
additive being tested. The number of test values involved in calculating the
mean and standard deviation is again given in each bar. Figure 6 through 8
show rather distinctive source differences for nitromethane and nitroethane
emission levels and, to a lesser degree, for hydrogen cyanide emission levels.
Also, including figure 5, it is obvious that the few additive test values that
differ significantly from the clear fuel test values offer no evidence of an
additive~related influence upon emissions.

The program was aimed primarily at determining immediate effects of several
commercially available gasoline additives upon emission levels or composition.
Changes in engine parameters may alter emissions serving either to create effects
that are independent of additive use or to mask effects of the additive. Except
in the special cases where malfunctions occurred, engine parameters were not
adjusted during the program. They were, however, checked periodically to assure
parametric consistency and to minimize the chance that anomolous exhaust levels
or composition might occur from parameter changes and obscure possible additive
effects. No radical changes in CO, HC, and NO, emission levels occurred during
the program. This is shown in figures 9 through 13 where emission levels have
been plotted as a function of mileage accumulation. Because no measurable
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immediate effect was found for any of the additives tested, the average emission
level was plotted when more than one test was made at a particular mileage,
Figures 11 through 13 show good overall constancy for CO, HC, and NO, emissions.
There were gradual increases in CO and NOy emitted by the Volkswagen (figure 9)
and in NOy emitted by the Ford (figure 10).

Nitrogen compound emission levels, as a function of accumulated mileage, are
presented in figures 14 through 18. Here again, multiple test points were
averaged. Considering that emission levels were quite low and that the emission
scale was expanded, overall emission constancy for nitrogen compounds was good.
The relatively large fluctuations from 1,500 to 4,500 miles in figures 14 through
16 and from O to 15,000 miles in figure 18 reflect the analytical difficulties
previously discussed.

Aside from the question of additive influence upon emissions, the program data
show an interesting relationship between the exhaust levels of nitrogen oxides

and nitromethane, In all probability, this relationship could be extended to
include nitroalkyls as a class. Oxides of nitrogen vs CH3NOp was plotted for bag
No., 1 of each test. All such points from the reported tests are included in
figure 19, The relationship is apparent from the plotted data points; however,

it seems to be more clearly defined by reduced data scatter when the stationary
Mazda (points enclosed by the rectangle) is omitted, The best linear fit for the
data from the four vehicles is expressed by the least squares regression equation:

NO, = -202.13(CH3NO5) + 17.919 (6)

With all 118 data points, the correlation coefficient, -0.855, shows a high
degree of significance for the relationship. The 95 pct confidence interval for
the prediction of nitromethane was found to be CH3NOp =+ 0.002 g/test.

With the vehicles tested, very few NOy levels fell in the range, 9 to 14 g/test.
Also, the only emission source which gave NO, levels below 5 g/test was the
stationary Mazda, and these points do not conform to the relationship discussed
above, Additional data points obtained from sources emitting NO, in these ranges
are needed to determine whether the relationship is truly linear (the stationary
Mazda data suggest that it may not be),
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